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© Tricyclic compounds as angiotensin II antagonists. 

© Novel tricyclic compounds and salts are disclosed useful as All receptor antagonists. These 
compounds of the formula I and their salts : 
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x 2 , 




V-CH 2 -W 
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Q. 
LU 



R1 represents hudrogen, halogen or C^Ce alkyl ; 
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A represents cyano, carboxyl, tetrazolyt, cyano-substituted phenyl, carboxyi-substituted phenyl or 
tetrazdyl -substituted phenyl ; 

V represents -(CH^-. where m is 0,1 or 2 ; 

W represents a group of the formula a, p, -y or 8 

where a is : 



R 2 

-/An 

^Q 4 
G^-O^R 3 
R 4 

where R 2 , R3 and R* are each hydrogen, halogen, C a -Cq alkyl, C^-Cq cydoalkyl, halogenated C^Cq 
alkyl, hydroxy, C^-Ce alkoxy, amino, C^-Cs alkylamino, carboxyl or C,-Cq alkoxycarbonyl ; and 
Qi-Q^-Q* represents N=CH-CH=CH, CH=CH-CH=CH or CrVCHz-CHy-Chk : 

Pis: 

R 2 

R* R 3 
wherein R 2 , R 3 and R 4 are as defined above : 

R 6 

— N^R 7 



"R 5 

where R 5 and R e each represent hydrogen, C^-C 6 alkyl or C 3 -C 6 cydoalkyl, and R 7 represents 
carboxyl, C^-Cq alkoxycarbonyl, carbamoyl or hydroxymethyi ; and 

8 is: 




COOR 9 



where R 8 and R 9 each represent hydrogen or C^-Ce alkyl, and Q represents N or CH ; 
X^X^-X 3 represents the group CH=CH-CH=CH, S-CH=CH or CH=CH-S ; 
Y represents a single bond, CH 2 , O, S, CH 2 O f OCH 2 , CH 2 S, SCH 2 , CH 2 CH 2 or CH=CH ; and 
Z^Z 2 represents the group C=CH, CH-CH 2 , CH-CH(COOH)- or N- (CHJp- (wherein n is an integer of 
1 to 3). 
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The present invention relates to tricyclic compounds exhibiting antagonism against angiotensin II (herein- 
after referred to as All) receptors and pharmaceutical compositions containing them. 

Various inhibitors are known active against All receptors which are hypertensive peptide hormones. These 
inhibitors include both peptide analogs and non-peptides. Known non-peptide All receptor inhibitors include 
compounds comprising a fused heterocyclic ring, such as be nz imidazole bonded to a biphenylmethane deriv- 
ative [J. Med. Chem., 34, 2919 (1991); and USP 5,128,356] and compounds wherein an amino acid derivative 
is bonded to a biphenylmethane derivative (EP-A-443983). However, no compounds active as All receptor in- 
hibitors are yet known comprising a fused heterocylic ring compound, or an amino acid derivative bonded to a 
tricylic compound rather than to biphenylmethane. 

According to the present invention other novel and useful All receptor antagonists have been found which 
are expected to exhibit a preventive or therapeutic effect against a wide variety of diseases such as hyperten- 
sion, congestive heart failure, renal failure and glancoma. These All receptor antagonists are compounds of 
the formula I and their pharmaceutical^ acceptable salts: 



X Y V-CH 2 -W 



wherein R 1 represents hydrogen, halogen or lower alky!; A represents cyano, carboxyl, tetrazolyt, cyan o- sub- ' 
stituted phenyl, carboxyl-substituted phenyl or tetrazolyl-substituted phenyl; V represents -(CHJm- (wherein m 
is an integer of 0 to 2); W represents 



R 2 




R 4 



(wherein R 2 , R 3 and R 4 independently represent hydrogen, halogen, lower alkyl, cycloalkyl, halogenated lower 
alkyl, hydroxy, lower alkoxy, amino, lower alkylamino, carboxyl or lower alkoxycarbonyl; and Q^Q^CP-Q 4 rep- 
resents N=CH-CH=CH, CH=CH-CH=CH or CrVCrVCH^Chy, 



R 2 




(wherein R 2 , R 3 and R 4 have the same meanings as defined above), 



R 6 

A. 



— N R 7 



R s 
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(wherein R 5 and R 8 independently represent hydrogen, lower alkyl or cydoalkyl; and R 7 represents carboxyl, 
lower aJkoxycarbonyl, carbamoyl or hydroxymethyl) or 



10 (wherein R 8 and R 9 independently represent hydrogen or lower alkyl; and Q represents N or CH); X'-X^X 3 rep- 
resents CH=CH-CH=CH; S-CH=CH or CH=CH-S; Y represents a single bond, CH 2 , O, S, CH 2 0, OCH 2 , CH 2 S, 
SCH* CH 2 CH2 or CH=CH; and Z^-Z* represents C=CH, CH-CH 2 , CH-CH(COOH)- or N-tCHJ,,- (wherein n is 
an integer of 1 to 3) [hereinafter referred to as Compound (I)]. 

In the definitions of the groups in formula (I), lower" in such expressions as "lower alkyl", lower aJkoxy", 
15 lower alkylcarboxy", lower alkylamino" and "lower halogenated lower alkyl" means a group having 1 to 6 car- 
bon atoms such as methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl and hexyl, and 
the cydoalkyl group have 3 to 6 carbon atoms such as cydo propyl, cyclo butyl, cydopentyi and cydohexyt. 
The halogen indudes, for example, fluorine, chlorine, bromine and iodine atoms. 

The pharmaceutical^ acceptable salts of Compounds (I) indude pharmaceutical^ acceptable acid addi- 
20 tion salts, metal salts, ammonium salts, and organic amine addition salts. 

Examples of the pharmaceutical ly acceptable acid addition salts of Compounds (I) are inorganic acid ad- 
dition salts such as hydrochloride, sulfate, nitrate and phosphate, and organic acid addition salts such as acet- 
ate, maleate, fumarate and citrate; examples of the pharmaceutical^ acceptable metal salts are alkali metal 
salts such as sodium salt and potassium salt, alkaline earth metal salts such as magnesium salt and calcium 
25 salt, aluminum salt, and zinc salt; examples of the ammonium salts are ammonium salt and tetramethylam- 
monium salt; and examples of the pharmaceutical^ acceptable organic amine addition salts are salts with mor- 
pholine and piperidine. 

The processes for producing Compounds (I) are described below. 

30 Process 1 

Compound (1-1) [Compound (I) wherein Z 1 -Z* is C=CH] 

1-a: Process for preparing Compound (1-1 a) which is Compound (M) wherein A is carboxyi and Compound 
35 (l-1d) which is Compound (1-1) wherein A is cyano 

Compound (I- 1a) and Compound (l-1d) can be prepared by the following reaction steps. 



5 
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10 



15 



20 



25 



30 



Step 1 

Y V-COOR 9 

(Ha) 



x 2 . 




-R 1 



Y V-COOR 9 

(Ilia) 



Step 2 




Y V-CHo-L 

(Hlc) 



Step 4 



Step 3 



x 2 . 




-R 1 



Y V-CH 2 OH 
(lllb) 




COOH 



R 1 



Step 5 




Y 

(l-1d) 



V-CH 2 -W 



Y V-CH 2 -W 

(l-1a) 



35 (In the formulae, L represents chlorine, bromine, methanesulfonyloxy or p-toluenesulfonyloxy; and R 1 , R°, 

X 1 -X2-X 3 f Y, V and W have the same meanings as defined above.) 

The starting Compound (Ha) can be obtained by known methods (J. Med. Chem., 1£>, 941(1976); ibid., 20, 
66(1977); ibid., 20, 1499(1977); ibid., 21_, 633(1978); ibid., 21_, 1035(1978); ibid., 22, 1357(1979); ibid., 27, 
372(1984); ibid., 29, 2347(1986); ibid; 35, 2074(1992); and Japanese Published Unexamined Patent Applica- 

40 tion No. 21679/83) or a method similar thereto. 

(Step 1) 

Compound (Ilia) can be obtained by reacting Compound (Ha) with 2 to 10 equivalents of a phosphorous 
45 acid diester [e.g. diethyl (cyanomethyl)phosphonate, and dimethyl (cyanomethyl)phosphonate] or an organo- 
silicon compound (e.g. trimethylsilylacetonitrile) in the presence of 2 to 20 equivalents of a base in an inert 
solvent at a temperature of 0°C to the boiling point of the solvent used for 0.1 to 48 hours. 

Examples of the base applicable are sodium hydroxide, potassium hydroxide, sodium methoxide, potas- 
sium ethoxide, sodium hydride, potassium hydride, butyl lithium, lithium diisopropylamide (LDA), potassium 
so tert-butoxide, triethyl amine, diisopropylethylamine, tri butyl amine, dicyclohexylmethylamine, N-methylmor- 
pholine, N-methylpiperidine, diazabicycloundecene (DBU) and diazabicyclononene (DBN). 

Examples of the inert solvent are tetrahydrofuran (THF), dimethylformamide (DMF) and dimethylsulfoxide 
(DMSO). 

55 (Step 2) 

Compound (lllb) can be obtained by treating Compound (Ilia) with 1 to 50 equivalents of a suitable reducing 
agent such as lithium aluminum hydride, lithium borohydride, sodium borohydride or diborane in an inert sol- 
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vent such as THF, in the presence of iodine, boron trif luoride ether complex, or the like if necessary, at a tem- 
perature of -100°C to the boiling point of the solvent used for 0.1 to 48 hours. 

(Step 3) 

5 

Compound (I I lea) wh ich is Compound (I lie) wherein L is chlorine or bromine can be obtained by reacting 
Compound (1Mb) with carbon tetrachloride or carbon tetra bromide in the presence of triphenylphosphine. and 
if necessary in the presence of 2,6-lutidine or 2,6-collidine. or with an equivalent to a large excess of a halo- 
genating agent (e.g. thionyl chloride and phosphorus tribromide), in an inert solvent (e.g. dichloromet hane and 
10 dichloroet hane) at a temperature of -50°C to the boiling point of the solvent used for 0.1 to 48 hours. Alterna- 
tively. Compound (lllca) may be prepared by reacting Compound (I lib) with methanesulfonyl chloride in the 
presence of collidine and lithium chloride in DMF at a temperature of -50°C to the boiling point of the solvent 
used for 0.1 to 48 hours. 

Compound (lllcb) which is Compound (I He) wherein L is methanesulfonyloxy or p-toluenesulfonyloxy can 
is be obtained by reacting Compound (lllb) with a sulfonating agent (e.g. methanesulfonyl chloride and p-tol- 
uenesulfonyJ chloride) in an inert solvent (e.g. dichloromethane and dichloroethane). in the presence of 2,6- 
lutidine or 2,6-collidine if necessary, at a temperature of -50°C to the boiling point of the solvent used for 0.1 
to 48 hours. 

20 (Step 4) 

Compound (Md) can be obtained by reacting Compound (lllc) with an equivalent to a large excess of a 
compound represented by the formula H-W wherein W has the same meaning as defined above, in the pres- 
ence of a suitable base [e.g. sodium hydride, potassium hydride, butyl lithium, LDA, potassium tert-butoxide, 
25 lithium bis(trimethylsilyl)amide, sodium bis(trimethylsilyl)amide and Proton Sponge (registered trademark)] if 
necessary, in an inert solvent [e.g. dichloromethane, DMF, THF, benzene, toluene, hexamethytphosphoric tri- 
amtde (HMPA) and dimethyl propyleneurea] at a temperature of 0°C to the boiling point of the solvent used for 
0.1 to 48 hours. 

The compound represented by the formula H-W can be obtained by known methods (Japanese Published 
30 Unexamined Patent Application No. 9518/91; and WO 92/04343) or a method similar thereto. 

(Step 5) 

Compound (1-1 a) can be obtained by treating Compound (Md) with a base (e.g. lithium hydroxide, sodium 
35 hydroxide and potassium hydroxide) in a suitable aqueous solvent (e.g. ethyleneglycol. diethyleneglycol, 
giyme, dioxane and ethanol) at a temperature of room temperature to the boiling point of the solvent used for 
one hour to three days or by treating Compound (l-1d) with an aqueous solution of sulfuric acid, hydrochloric 
acid, acetic acid, or the like, or a mixture comprising such acids, which also serve as a solvent at a temperature 
of room temperature to the boiling point of the solvent used for one hour to three days, so that the nitrile group 
40 is hydrolyzed. 

Alternatively, Compound (1-1 a) can be prepared by the following reaction steps. 
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40 



COOR 9 



x 2 , 



-R 1 



Step 6 



Y V-COOH 
(lib) 



X 2 




-R» 



COOR 9 



xU 



X 2 




Y V-COOH 

(IVa) 
jstep 7 

COOR 9 



-R 1 



Step 8 



XI 



T V-CH,-L 
(IVC) 



x 2 , 




-R 1 



Y V-CH 2 OH 
(IVb) 



Step 9 

COOR 9 



xt. 



x 2 , 




COOH 



-R« 



Step 10 



XI 



Y V-CH 2 -W 
(IVd) 



X 2 




Y V-CH 2 -W 

(l-1a) 



(In the formulae, R\ R 9 , X 1 -X2-X 3 f Y, V, W and L have the same meanings as defined above.) 
The starting compound (lib) can be obtained according to the method for preparing Compound (I la) de- 
scribed above. 

(Step 6) 

Compound (IVa) can be obtained from Compound (Mb) according to the method of Step 1 using ethyl die- 
thyl phosphonoacetate or methyl dimethylphosphonoacetate as the phosphorous acid diester or ethyl trime- 
thyisilyl acetate as the organosilicon compound. 

45 (Step 7) 

Compound (IVb) can be obtained from Compound (IVa) according to the method of Step 2. 
(Step 8) 

50 

Compound (IVc) can be obtained from Compound (IVb) according to the method of Step 3. 
(Step 9) 

55 Compound (IVd) can be obtained from Compound (IVc) according to the method of Step 4. 
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(Step 10) 

Compound (H a) can be obtained by hydrolysis of Compound (IVd) in the presence of a suitable base (e.g. 
lithium hydroxide, sodium hydroxide and potassium hydroxide) in a suitable aqueous solvent (e.g. methanol, 
5 ethanol, THF and dioxane) at a temperature of room temperature to the boBing point of the solvent used for 
0.1 to 48 hours. 

Compound (l-1aa) which is Compound (Ha) wherein m in V is 0 may a] so be prepared by the following 
reaction steps. 



to 




M (Maa) (IVcaa) 

(In the formulae, L a represents chlorine or bromine; and R 1 , R 9 , X 1 -X2-X 3 , Yand W have the same meanings 
as defined above.) 

The starting compound (V) can be obtained by a known method (Helv. Chim. Acta, 73, 1197(1990)] or a 
35 method similar thereto. 

(Step 11) 

Compound (VI) can be obtained from Compound (V) according to the method of Step 6. 

40 

(Step 12) 

Compound (IVcaa) can be obtained by heating Compound (VI) under reflux with 1 to 5 equivalents of N- 
chlorosuccinimide (NCS) or N-bromosuccinimide (NBS), in the presence of a radical initiator such as benzoyl 
45 peroxide or azobisisobutyronitrile (AIBN) if necessary, in an inert solvent such as carbon tetrachloride for 0.1 
to 48 hours. 

Subsequently, Compound (Maa) can be obtained according to the methods of the above Steps 9 and 10. . 

1-b: Process for preparing Compound (1-1 b) which is Compound (1-1) wherein A is carboxyl-substituted phe- 
50 nyl 

Compound (1-1 b) can be prepared by the following reaction steps. 



55 
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(1-1 b) 

(In the formulae, R\ R 9 . X 1 -X2-X 3 . Y, V and W have the same meanings as defined above.) 
(Step 13) 

Compound (VII) can be obtained from Compound (Ha) according to the method of Step 1 using diethyl [2- 
(ethoxycarbonyi)phenyl] methyl phosphonate or dimethyl [2-(methoxycarbony1)phenyl]methyl phosphonate as 
the phosphorous acid diester or ethyl 2-[(trimethylsily1)methyl]benzoate as the organosilicon compound. 

Subsequently, Compound (1-1 b) can be obtained according to the methods of Steps 2 to 4 and 10. 

l-c: Process for preparing Compound (I- 1c) which is Compound (1-1) wherein A is tetrazolyl 
Compound (I- 1c) can be prepared by the following reaction steps. 




Y V-CH 2 -W 
(l-1d) 



(VIII) 



V-CH2-W 




Y V-CH 2 -W 
(I-1C) 
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(In the formulae, Tr represents trityl; and R\ X 1 -X2-X 3 , Y t V and W have the same meanings as defined, 
above.) 

(Step 14) 

5 

Compound (l-1d) is reacted with 1 to 30 equivalents of sodium azide in the presence of ammonium chloride 
in DMF at a temperature of room temperature to 1 30°C for one hour to 20 days to give the crude tetrazole com- 
pound. 

Alternatively, Compound (1-1 d) is reacted with 3 to 4 equivalents of sodium azide in the presence of 3 to 
10 4 equivalents of tri-rvbutyitin chloride or trimethyltin chloride in toluene at a temperature of 60°C to the boiling 
point of the solvent used for 0.5 to 24 days to give the crude tetrazole compound [J. Org. Chem., 56 , 
2395(1991)]. 

Compound (VIII) can be obtained by reacting the resulting crude tetrazole compound with 1 to 10 equiv- 
alents of trityl chloride in the presence of a suitable base (e.g. triethylamine and pyridine) in an inert solvent 
is such as d ic hi orome thane or DMF, or using the base per se as a solvent, at a temperature of 0°C to the boiling 
point of the solvent used for 0.1 to 48 hours. 

(Step 15) 

20 Compound (1-1 c) can be obtained by treating Compound (VIII) with a suitable acid (e.g. hydrochloric add, 

sulfuric acid and p-toluenesulfonic acid) or a suitable base (e.g. lithium hydroxide, sodium hydroxide and po- 
tassium hydroxide) in an inert solvent such as a lower alcohol (e.g. methanol and ethanol), THF or dioxane at 
a temperature of room temperature to the boiling point of the solvent used for 0.1 to 48 hours. 

Compound (1-1 ca) which is Compound (1-1 c) wherein m in V is 0 may also be prepared by the following 

25 reaction steps. 
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| Step 17 




(Villa) (l-1ca) 



(In the formulae, R\ X 1 -X2-X 3 f Y, W, L a and Tr have the same meanings as defined above.) 
(Step 16) 

Compound (IX) can be obtained from Compound (V) according to the method of Step 1. 
(Step 17) 

Compound (Xa) can be obtained from Compound (IX) according to the method of Step 14. 
(Step 18) 

Compound (Xba) can be obtained from Compound (Xa) according to the method of Step 12. 
(Step 19) 

Compound (Vll)a) can be obtained from Compound (Xba) according to the method of Step 4. 
Subsequently, Compound (Mca) can be obtained according to the method of the above Step 15. 
Alternatively, Compound (1-1 c) may be prepared by the following reaction steps. 
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(Xd) (Xc) 
Step 23 



30 



35 




(In the formulae, R 10 represents a protective group for a hydroxy! group; and R 1 f X 1 -X2-X 3 , Y f V, W, L and 
Tr have the same meanings as defined above.) 

Examples of the protective group for a hydroxy! group represented by R 10 include alkanoyl (e.g. acetyl) 
40 and aroyl (e.g. benzoyl) (both will be hereinafter referred to as acyl) as well as methoxymethyl, benzyl, (tert- 
butyl)dimethylsilyl, and tetrahydropyranyl. 

(Step 20) 

45 Compound (I lie) can be obtained by protecting the hydroxy! group of Compound (II lb). 

In cases where the protective group is acyl, Compound (I lie) can be obtained by reacting Compound (I I lb) 
with an equivalent to a large excess of an acid anhydride (e.g. acetic anhydride) or an acid halide (e.g. benzoyl 
chloride) in the presence of a base (e.g. pyridine, tutidine, collidine, imidazole and triethyl amine) in an inert 
solvent (e.g. dichloromethane and DMF), or using the base per se as a solvent, at a temperature of 0°C to the 
50 boiling point of the solvent used for 0.1 to 24 hours. 

In cases where the protective group is methoxymethyl, benzyl or (tert-butyl)dimethylsilyl, the same reac- 
tion as in the above acylation is carried out using the corresponding chloromethyl methyl ether, benzyl bromide 
or (tert-butyl)dimethylsilyl chloride. 

In cases where the protective group is tetrahydropyranyl, Compound (I He) can be obtained by reacting 
55 Compound (II lb) with an equivalent to a large excess of dihydropyran in the presence of an acid [e.g. p-tolue- 
nesulfonic acid and pyridinium p-toluenesulfonate (PPTS)] in an inert solvent (e.g. dichloromethane and THF) 
at a temperature of 0°C to the boiling point of the solvent used for 0.1 to 24 hours. 

12 
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(Step 21) 

Compound (Xc) can be obtained from Compound (Hie) according to the method of Step 14. 
5 (Step 22) 

Compound (Xd) can be obtained by removing the protective group for the hydroxy) group in Compound 
(Xc). 

In cases where the protective group is acyi, Compound (Xd) can be obtained by treating Compound (Xc) 
10 with a suitable base (e.g. sodium methoxide, sodium hydroxide and potassium hydroxide) in an inert solvent 
(e.g. THF, methanol, etna no! and dioxane) at a temperature of 0°C to the boiling point of the solvent used for 
0.1 to 24 hours or by treating Compound (Xc) with 0.1 equivalent to a large excess of metal hydride (e.g. lithium 
aluminum hydride) in an inert solvent (e.g. THF and ether) at a temperature of -78°C to the boiling point of the 
solvent used for 0.01 to 48 hours. 
15 In cases where the protective group is methoxymethyl or tetrahydropyranyi, elimination of the protective 

group is carried out according to the method of the above deacyfation in the presence of an acid such as r> 
toluenesulfonic acid, PPTS, acetic acid, hydrochloric acid or sulfuric acid; and in the case of ( tert- butyl )- 
dimethyl si! yl, the same reaction is carried out in the presence of tetra butyl ammonium fluoride, sodium fluoride, 
cesium fluoride, or the like. 

20 In cases where the protective group is benzyl, Compound (Xd) can be obtained by subjecting Compound 

(Xc) to reaction in the presence of a transition metal catalyst used for catalytic hydroge nation (e.g. palladium 
carbon and platinum) in a hydrogen atmosphere of atmospheric pressure to 100 atm. in an inert solvent (e.g. 
ethanol, dioxane and acetic acid) at a temperature of 0 to 250 °C for 0.1 to 48 hours. 

25 (Step 23) 

Compound (Xb) can be obtained from Compound (Xd) according to the method of Step 3. 
Subsequently, Compound (l-1c) can be obtained according to the methods of the above Steps 19 and 15. 

30 Process 2 

Compound (I-2) [Compound (I) wherein Z 1 -Z* is CH-CH(COOH)- and A is carboxyl] 
Compound (I-2) can be prepared by the following reaction steps. 
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Step 24 



Y V-CH 2 OR 10 
(XI) 



R 9 OOC^ XOOR 9 




Step 26 




V-CH 2 -L 



Step 28 



Y V-CH 2 -W 

• (Xlld) 



R 9 OOC 



COOR 9 




Y V-CH,OR 10 

(XI la) 



Step 25 




R' 



Y V-CH,OH 

(XI lb) 



COOH 




R 1 



Y 

C-2) 



V-CH 2 -W 



40 



45 



50 



(In the formulae, R 1 , R 9 , R 10 , X 1 -X2-X 3 , Y, V, W and L have the same meanings as defined above.) 
The starting compound (XI) can be obtained by a known method (Japanese Published Unexamined Patent 
Application No. 250/90) or a method similar thereto. 

(Step 24) 

Compound (Xlla) can be obtained by reacting Compound (XI) with an equivalent to a large excess of a 
malonate in the presence of a catalytic amount to a large excess of a Lewis acid, a proton ic acid or an acid 
anhydride, and if necessary, in the presence of an equivalent to a large excess of an amine, in an inert solvent 
(e.g. dichloromethane, dichloroethane, benzene and toluene), or using the malonate per se as a solvent, at a 
temperature of -100°C to the boiling point of the solvent used for 0.1 to 100 hours. 

Examples of the Lewis acid, proton ic acid and acid anhydride applicable are titanium tetrachloride, tin tet- 
rachloride, aluminum chloride, zinc chloride, boron trrf luoride, trimethylsilyi trrf late, trimethylsilyl iodide, trime- 
thylsilyl bromide, trimethylsilyl chloride, titanium tetraisopropoxide, silica gel, alumina, Naf ion (registered trade- 
mark), sulfuric acid, hydrochloric acid, trifluoroacetic acid, methanesulfonic acid, trifluoromethanesulfonic 
acid, trichloroacetic acid, polyp hosphoric acid, p-toluenesulfonic acid, trifluoroacetic anhydride, trichloroacetic 
anhydride, acetic anhydride and trifluoromethanesulfonic anhydride. 

Examples of the amine are triethylamine, diisopropylethylamine, tributylamine, dicydohexylmethylamine, 
N-methylmorpholine, N-methylpiperidine and Proton Sponge (registered trademark). 



55 (Step 25) 



Compound (XI lb) can be obtained from Compound (Xlla) according to the method of Step 22. 
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(Step 26) 

Compound (XJIc) can be obtained from Compound (XMb) according to the method of Step 3. 
(Step 27) 

Compound (XI Id) can be obtained from Compound (XI I c) according to the method of Step 4. 
(Step 28) 

Compound (I-2) can be obtained by hydrolysis of Compound (XI Id). The hydrolysis is carried out by treating 
Compound (XI Id) with a suitable base (e.g. lithium hydroxide, sodium hydroxide and potassium hydroxide) in 
a suitable aqueous solvent (e.g. methanol, ethanol, THF and dioxane) at a temperature of room temperature 
to the boiling point of the solvent used for 0.1 to 48 hours. 

Process 3 



Compound (I-3) [Compound (I) wherein Z 1 -Z 2 is CH-CHJ 
20 3-a: Process for preparing Compound (l-3a) which is Compound (I-3) wherein A is carboxyl 
Compound (I- 3a) can be prepared by the following reaction step. 

R 9 OOC^ ^COOR 9 ^.COOH 

25 



30 





/V^v^S ste P 29 ' x1 " 

Y V-CH 2 -W V-CH 2 -W 

(Xlld) (l-3a) 

(In trie formulae, R 1 , R 9 , X 1 -X2-X 3 , Y, V and W have the same meanings as defined above.) 
35 (Step 29) 

Compound (l-3a) can be obtained by hydrolysis of Compound (Xlld). The hydrolysis is carried out by treat- 
ing Compound (Xlld) with a suitable base (e.g. lithium hydroxide, sodium hydroxide and potassium hydroxide) 
in a suitable aqueous solvent (e.g. methanol, ethanol, THF and dioxane) at a temperature of room temperature 
40 to the boiling point of the solvent used for 0.1 to 48 hours. 

In cases where the reaction ceases after the hydrolysis and does not proceed to decarboxylation, the ob- 
tained intermediate is further subjected to reaction in the presence of piperidine in pyridine at a temperature 
of 50°C to the boiling point of the solvent used for 0.1 to 48 hours, whereby the desired compound is obtained. 

45 3-b: Process for preparing Compound (l-3b) which is Compound (I-3) wherein A is carboxyl-substituted phe- 
nyl 

Compound (I- 3b) can be prepared by the following reaction steps. 

50 
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(l-3b) 

(In the formulae, R 93 has the same meaning as R 9 ; and R 1 , R 9 , R 10 , X'-X^X 3 , Y, V and W have the same 
meanings as defined above.) 

(Step 30) 

Compound (XIII) can be obtained from Compound (XI) according to the method of Step 24 using a benzoate 
such as ethyl 2-[(ethoxycarbonyl)methyl] benzoate in place of the malonate. 

Subsequently, Compound (l-3b) can be obtained according to the methods of Steps 25 to 27 and 29. 

3-c: Process for preparing Compound (l-3c) which is Compound (I-3) wherein A is tetrazolyi and Compound 
(l-3d) which is Compound (I-3) wherein A is cyano 

Compound (l-3c) and Compound (I- 3d) can be prepared by the following reaction steps. 
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OCH, 



X 2 , 




-R 1 



Step 31 



R 9 OOC 



CN 



Y ^ V-CHjOR 10 
(XI) 



x 2 , 




Y V-CHUOR 10 

(XlVa) 



x 2 




CN 



Step 32 



X 2 




/ ^7 



Y 

(XVIa) 



V-CH 2 -W 



-R 1 



Y 

(l-3d) 



V-CH 2 -W 



Step 33 




Y V-CH r W 

(l-3c) 

(In the formulae, R 1 , R d , R 10 , X 1 -X2-X 3 , Y, V, W and Tr have the same meanings as defined above.) 
(Step 31) 

Compound (XI Va) can be obtained from Compound (XI) according to the method of Step 24 using a cya- 
noacetate in place of the malonate. 

Subsequently, Compound (l-3d) can be obtained according to the methods of Steps 25 to 27 and 29. 

45 (Step 32) 

Compound (XVIa) can be obtained from Compound (l-3d) according to the method of Step 14. 
(Step 33) 



50 



Compound (l-3c) can be obtained from Compound (XVIa) according to the method of Step 15. 
Alternatively, Compound (l-3c) can be prepared by the following reaction steps. 



55 
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25 
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35 



x* 




-R 1 



Step 34 



Y 

(XVII) 



V-COOR 9a 



CN 



X 2 , 




VA V V. 



-R 1 



Step 36 



Y" 
(XVb) 



V-CCX)H 



Step 37 



CN 



xl 



X 2 




-R' 



Step 38 



A Y V-CCX)R 9a 
(XVc) 



R 9 CX)C 
Xl 



CN 



X 2 , 




-R 1 



v V-COOR 93 



Y 

(XlVb) 



Step 35 



HOOC 

xl 



•CN 



X 2 , 




-R 1 



X Y V-COOH 
(XIVc) 



X 2 




A Y V-COOR 93 

(XVIb) 



40 




(In the formulae, R 1 f R 9 , R 93 , X 1 -X2-X 3 , Y, V, W and Tr have the same meanings as defined above.) 
The starting compound (XVII) can be obtained by a known method (Japanese Published Unexamined Pa- 
tent Application No. 250/90) or a method similar thereto. 

55 

(Step 34) 

Compound (XVII) is reacted with an equivalent to a large excess of thionyl chloride, in the presence of an 
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inert solvent (e.g. dichloromethane and dichloroethane) if necessary, at a temperature of -50°C to the boiling 
point of the solvent used for 0.1 to 48 hours to give a compound wherein OH is replaced by CI. 

Compound (XI Vb) can be obtained by reacting the above compound with an equivalent to a large excess 
of a cyanoacetate in the presence of a suitable base (e.g. sodium hydride, potassium hydride, butyl lithium, 
5 LDA and potassium tert-butoxide) in an inert solvent (e.g. dichloromethane, DMF, THF and toluene) at a tem- 
perature of 0°C to the boiling point of the solvent used for 0.1 to 48 hours. 

(Step 35) 

10 Compound (XIVc) can be obtained from Compound (XlVb) according to the method of Step 10. 

(Step 36) 

Compound (XVb) can be obtained by subjecting Compound (XIVc) to reaction in the presence of piperidine 
is in pyridine at a temperature of 50°C to the boning point of the solvent used for 0.1 to 48 hours. 

(Step 37) 

Compound (XVc) can be obtained by reacting Compound (XVb) with a lower alcohol (e.g. methanol and 
20 ethanol) in the presence of a catalytic amount of an acid (e.g. sulfuric acid) using the lower alcohol per se as 
a solvent at a temperature of 0°C to the boiling point of the solvent used for 0.1 to 48 hours. 

(Step 38) 

25 Compound (XVIb) can be obtained from Compound (XVc) according to the method of Step 14. 

Subsequently, Compound (l-3c) can be obtained according to the methods of Steps 2 to 4 and 15. 

Process 4 

30 Compound (I-4) [Compound (I) wherein Z 1 -Z* is N-CHJ 

4-a: Process for preparing Compound (l-4a) which is Compound (I-4) wherein A is cyano and m in V is 0 
Compound (l-4a) can be prepared by the following reaction steps. 

' 35 
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45 
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55 
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R" 

^/SA^_ R1 Step 39 

Y CHO 
(XVIII) 



,VVN „, Step 41 



H 



X 2 , 



Y CH 2 OR 10 
(XVd) 

Step 42 



Y CH 2 OH 

(XlXa) 



Step 40 




Y CH 2 OR 10 

(XlXb) 



25 



30 



r 

Y CH 2 OH 

(XVe) 



R 1 



X 2 , 



r 

Y CH 2 -W 

(l-4a) 



R 1 



40 



50 



55 



(In the formulae, R 11 represents hydrogen or benzyl; and R 1 , R 10 , X^X^X 3 , Y and W have the same mean- 
ings as defined above.) 

The starting compound (XVIII) can be obtained by a known method [Chem. Absts., 72, 43496v(1970); ibid., 
60, 2916a(1964); and Heterocyclic Compounds, 43, Part I, 392(1984)) or a method similar thereto. 

(Step 39) 

Compound (XlXa) can be obtained by treating Compound (XVIII) with 1 to 10 equivalents of a reducing 
agent (e.g. sodium borohydride and lithium aluminum hydride) in an inert solvent (e.g. THF and methanol) at 
a temperature of -50°C to the boiling point of the solvent used for 0.1 to 10 hours. 



45 (Step 40) 



Compound (XlXb) can be obtained from Compound (XlXa) according to the method of Step 20. 
(Step 41) 

Compound (XVd) can be obtained by reacting Compound (XlXb) with a nitrile compound (e.g. iodoaceto- 
nitrile, bromoacetonitrile and chloroacetonitrile) in the presence of a suitable base (e.g. sodium hydride, po- 
tassium hydride, butyl lithium, LDA, potassium tert-butoxide and sodium amide), and if necessary, in the pres- 
ence of sodium iodide or potassium iodide, in an inert solvent (e.g. benzene, toluene, dioxane, THF, DMF and 
DMSO) at a temperature of -100°C to the boiling point of the solvent used for 0.1 to 48 hours. 

Alternatively, Compound (XVd) can be obtained by reacting Compound (XlXb) with an equivalent to a large 
excess of formalin or paraformaldehyde, and a prussiate (e.g. sodium cyanide and potassium cyanide) in the 
presence of acetic acid and/or trifluoroacetic acid in an inert solvent (e.g. dichloroethane, dioxane, THF and 
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10 



15 



20 



ethanol), or using acetic acid and/or trifluoroacetic acid perse as a solvent, at a temperature of 0°C to the boiling 
point of the solvent used for 0.1 to 48 hours. 

(Step 42) 

Compound (XVe) can be obtained from Compound (XVd) according to the method of Step 22. 
Subsequently, Compound (l-4a) can be obtained according to the methods of Steps 3 and 4. 
Compound (l-4aa) which is Compound (l-4a) wherein V is oriented at the para-position from the N atom 
in the tricyclic system may also be prepared by the following reaction steps. 

H 




Y 
(XX) 



Step 43 x'-^ N V-S 




(XIXc) 



Step 44 



25 



30 



35 



40 




Step 45 



CH 2 -W 



CH 2 -W 




(XXI) 



(l-4aa) 



{In the formulae, R 12 and R 13 independently represent lower alky! or are combined together to represent 
-(CH^.P^CHj)^- [wherein P is CH, O, S or NR 14 (wherein R 14 is lower alkyt) and 2 is 2 or 3] as -R12-R1 3 -; and 
45 Ri, X 1 -X2-X 3 , Y and W have the same meanings as defined above.} 

The lower alkyl represented by R 12 , R 13 and R 14 has the same meaning as defined above. 

The starting compound (XX) can be obtained according to a known method [Bull. Soc. Chim. Fr., 
185(1981)]. 

so (Step 43) 



55 



Compound (XIXc) can be obtained by reacting Compound (XX) with an equivalent to a large excess of for- 
malin or paraformaldehyde, and a secondary amine (e.g. N-methylpiperazine, piperidine and dialkylamine) in 
the presence of acetic acid and/or trifluoroacetic acid in an inert solvent (e.g. dichloroethane, dioxane, THF 
and ethanol), or using acetic acid and/or trifluoroacetic acid per se as a solvent, at a temperature of 0°C to the 
boiling point of the solvent used for 1 to 48 hours. 
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(Step 44) 

Compound (XXI) can be obtained by reacting Compound (XIXc) with a mixed acid anhydride prepared from 
acetic acid and formic acid in dichloroethane at room temperature for about one day. 

5 

(Step 45) 

Compound (XXI) is reacted with an equivalent to a large excess of a chloroformate (e.g. ethyl chlorofor- 
mate and isobutyl chloroformate) in an inert solvent (e.g. dichloromethane, dichloroethane and ethyl acetate) 
10 at a temperature of -50°C to the boiling point of the solvent used for 0.1 to 24 hours to give a compound wherein 
-NR 12 R 13 is replaced by CI. Subsequently, Compound (XlXd) can be obtained according to the method of Step 
4. 

In cases where the reaction does not proceed to defbrmylation, the obtained intermediate is treated with 
a base (e.g. sodium methoxide and sodium ethoxide) in an inert solvent (e.g. dioxane) at a temperature of 0°C 
15 to the boiling point of the solvent used for 0.1 to 48 hours, whereby the desired compound is obtained. 

(Step 46) 

Compound (l-4aa) can be obtained from Compound (XlXd) according to the method of Step 41. 
20 Alternatively, Compound (l-4aa) can be prepared by the following reaction steps. 
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H 



(XX) 



Step 47 




Step 49 



CH 2 OH 



r 



Y 

(XXII) 



Step 48 




(XVf) 



CH 2 -W 



(l-4aa) 

(In the formulae, R\ X'-X^X 3 , Y and W have the same meanings as defined above.) 
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(Step 47) 

Compound (XXII) can be obtained from Compound (XX) according to the method of Step 41. 
s (Step 48) 

Compound (XVf) can be obtained by reacting Compound (XXII) with phosphorous oxychloride and DMF 
orrnethylforrnanBide, in the presence of an inert solvent such as dichloroethane if necessary, at a temperature 
of room temperature to 100°C for 1 to 24 hours. Preferably, the reaction is carried out using 3 equivalents of 
10 phosphorous oxychloride and 3 equivalents of methytformanilide in the presence of dichloroethane at a tem- 
perature of 70 to 90°C for 5 to 15 hours. 

(Step 49) 

15 Compound (XVea) can be obtained from Compound (XVf) according to the method of Step 39. 

Subsequently, Compound (l~4aa) can be obtained according to the methods of Steps 3 and 4. 
Further, Compound (Maa) can also be prepared by the following reaction steps. 



20 



25 



30 



35 




(l-4aa) 

40 

(In the formulae, R 1 , R 12 , R 13 , X^X^X 3 , Y and W have the same meanings as defined above.) 
(Step 50) 

45 Compound (XVg) can be obtained from Compound (XXII) according to the method of Step 43. 

Subsequently, Compound (l-4aa) can be obtained according to the method of Step 45. 

4-b: Process for preparing Compound (l-4b) which is Compound (I-4) wherein A is carboxyl and m in V is 0 

so Compound (l-4b) can be prepared by the following reaction step. 

55 
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r 



CN 



.COOH 



X 2 , 



R 1 



Y CH 2 -W 

(l-4a) 



r 

Step 51 ,/ S< N V^S 

Y CH 2 -W 

(l-4b) 



x 2 . 



R 1 



(In the formulae, R 1 , X^X^X 3 , Y and W have the same meanings as defined above.) 
(Step 51) 

Compound (l-4b) can be obtained from Compound (Ma) according to the method of Step 5. 

4-c: Process for preparing Compound (Mc) which is Compound (I-4) wherein A is carboxyl-substituted phe 
nyl, m in V is 0 and V is oriented at the para-position from the N atom in the tricyclic system 

Compound (l-4c) can be prepared by the following reaction steps. 



X 2 , 




-R 1 



Y 
(XX) 



X 2 




-£-COOH 



•R 1 



Y' 
(I-4C) 



CH 2 -W 




4-COOR 9 



Step 52 /VVS_ R1 

— - %w 

(XXIIIa) 



Step 53 




4-coor 9 



CHO 



(In the formulae, R 1 , R 9 , X 1 -X2-X 3 , Y and W have the same meanings as defined above.) 
(Step 52) 

Compound (XXIIIa) can be obtained from Compound (XX) according to the method of Step 41 using a ben- 
zoate [e.g. ethyl 2-(chloromethyl)benzoate] in place of the nitrile compound. 

(Step 53) 

Compound (XXI I lb) can be obtained from Compound (XXIIIa) according to the method of Step 48. 
Subsequently, Compound (l-4c) can be obtained according to the methods of Steps 39, 3, 4 and 10. 
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4-d: Process for preparing Compound (l-4d) which is Compound (M) wherein A is tetrazoJyl and m in V is 0 
Compound (l-4d) can be prepared by the following reaction steps. 



N—N^Tr 



10 



15 



y V^A „. Step 54 /V^V^_ R , 

v ^ch„or'» Y CH 2 0H'« 

(XlXb) (XXIVa) 



I 



Step 55 



Y CH 2 -L Y CH 2 OH 

(XXIVc) (XXIVb) 
Step 57 

N-N^Tr N-rN-H 

Y CH 2 -W Y CH 2 -W 

40 (XXlVd) (|-4d) 

(in the formulae, R 1 , R 10 , Xt-XVX 3 , Y, L, W and Tr have the same meanings as defined above.) 
45 (Step 54) 



20 
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30 



35 



so (Step 55) 



Compound (XXIVa) can be obtained from Compound (XlXb) according to the method of Step 41 using N- 
tritylchloromethyltetrazole in place of the nitrite compound. 

ep 55) 

Compound (XXIVb) can be obtained from Compound (XXIVa) according to the method of Step 22. 
(Step 56) 

55 

Compound (XXIVc) can be obtained from Compound (XXIVb) according to the method of Step 3. 
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Step 59 /Sr N 

Y CH 2 -W 

(l-4a) 



Y - "~CH 2 -W 

(XXlVd) 



(Step 57) 

Compound (XXJVd) can be obtained from Compound (XXIVc) according to the method of Step 4. 
5 (Step 58) 

Compound (l-4d) can be obtained from Compound (XXlVd) according to the method of Step 15. 
Alternatively, Compound (l-4d) can be prepared by the following reaction steps. 

10 



15 
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35 



40 



45 



Step 56 ./ V^y^ ., 

— " 

CH 2 -W 

(l-4d) 

(In the formulae, R 1 , X 1 -X2-X 3 , Y, W and Tr have the same meanings as defined above.) 
(Step 59) 

Compound (XXlVd) can be obtained from Compound (Ma) according to the method of Step 14. 
Subsequently, Compound (l-4d) can be obtained according to the method of the above Step 58. 
Compound (l-4aaa) and Compound (l-4da) which are respectively Compound (l-4a) and Compound (l-4d) 
wherein W represents 



OR 15 
— N N 

R9ooc ^ti 



i^R 3 

so (wherein R 15 is lower alkyl; and R 3 and R 9 have the same meanings as defined above) and V is oriented at 
the para-position from the N atom in the tricyclic system may also be prepared by the following reaction steps. 
The lower alkyl represented by R 15 has the same meaning as defined above. 
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(In the formulae, *Boc is t-butoxycarbonyl; and R\ R3 R» R12, Ri3 t ris, x'-X2-X3 and Y have the same 
meanings as defined above.) 

(Step 60) 

Compound (XVh) can be obtained from Compound (XVg) according to the method of Step 45 using a com- 
pound represented by the formula 
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tBoc N0 2 

t 

(wherein ( Boc f R 3 and R 9 have the same meanings as defined above), which can be obtained according to the 
method described in Japanese Published Unexamined Patent Application No. 9373/92, in place of the com- 
10 pound represented by the formula H-W. 

(Step 61) 

Compound (XVi) can be obtained by treating Compound (XVh) with trifluoroacetic acid in an inert solvent 
is (e.g. dichloroe thane, dioxane, THF and ethanol), or using trifluoroacetic acid per se as a solvent, at a temper- 
ature of 0°C to the boiling point of the solvent used for 0.1 to 48 hours. 

(Step 62) 

20 Compound (XVj) can be obtained by subjecting Compound (XVi) to reaction in the presence of a transition 

metal catalyst used for catalytic hydrogenation (e.g. palladium carbon and platinum) in a hydrogen atmosphere 
of atmospheric pressure to 100 atm. in an inert solvent (e.g. ethanol, dioxane and acetic acid) at a temperature 
of 0 to 250°C for 0.1 to 48 hours, or by subjecting Compound (XVi) to reaction in the presence of excess iron, 
tin, zinc, or the like in an inert solvent (e.g. hydrochloric acid and acetic acid) at a temperature of 0°C to the 

25 boiling point of the solvent used for 0.1 to 24 hours. 

(Step 63) 

Compound (XVk) can be obtained by reacting Compound (XVj) with an equivalent to a large excess of a 
30 chloroformate (e.g. ethyl chloroformate and isobutyl chloroformate) in the presence of a base (e.g. pyridine 
and triethylamine) in an inert solvent (e.g. dichloromethane, dichloroethane and ethyl acetate), or using pyri- 
dine per se as a solvent, at a temperature of 0°C to room temperature for 0.1 to 24 hours, and then treating 
the obtained intermediate with a base (e.g. sodium methoxide and sodium ethoxide) in a lower alcohol (e.g. 
methanol and ethanol) at a temperature of 0°C to the boiling point of the alcohol used for 0.1 to 48 hours. 
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(Step 64) 



Compound (l-4aaa) can be obtained by reacting Compound (XVk) with phosphorous oxychloride at a tem- 
perature of room temperature to 100°C for 0.5 to 24 hours, and then treating the obtained intermediate with 
40 a base (e.g. sodium methoxide and sodium ethoxide) in a lower alcohol (e.g. methanol and ethanol) at a tem- 
perature of room temperature to the boiling point of the alcohol used for 0.1 to 48 hours. 

Subsequently, Compound (l-4da) can be obtained according to the methods of Steps 14 and 15. 

4-e: Process for preparing Compound (l-4e) which is Compound (1-4) wherein A is cyano-substituted phe- 
45 nyl, m in V is 0 and V is oriented at the para-position from the N atom in the tricyclic system and Compound 
(l-4f) which is Compound (1-4) wherein A is tetrazolyl-substituted phenyl, m in V is 0 and V is oriented at the 
para-position from the N atom in the tricyclic system 



Compound (l-4e) and Compound (l-4f) can be prepared by the following reaction steps. 
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(l-4f) 

40 (In the formulae, R\ X 1 -X2-X 3 , Y and W have the same meanings as defined above.) 
(Step 65) 

Compound (XXVa) can be obtained from Compound (XX) according to the method of Step 41 using a ben- 
45 zyi halide (e.g. 2-cyanobenzyl bromide) in place of the nitrile compound. 

(Step 66) 

Compound (XXVb) can be obtained from Compound (XXVa) according to the method of Step 48. 
so Subsequently, Compound (l-4e) can be obtained according to the methods of Steps 39, 3 and 4, and Com- 

pound (l-4f) can be obtained from Compound (Me) according to the methods of Steps 14 and 15. 



55 
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Process 5 



Compound (1-5) [Compound (I) wherein Z^Z 2 is N-CH2CH2] 



5: Process for preparing Compound (l-5a) which is Compound (1-5) wherein A is cyano, m in V is 0 and V is 
oriented at the para- position from the N atom in the tricyclic system and Compound (1-5 b) which is Com- 
pound (1-5) wherein A is tetrazolyi, m in V is 0 and V is oriented at the para-position from the N atom in the 
tricyclic system 



10 



Compound (I- 5a) and Compound (I -5b) can be prepared by the following reaction steps. 
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20 



XU 



x 2 . 



H 



Y 

(XX) 



-R 1 



Step 67 



xl. 



x 2 . 



-R 1 



Y 

(XXVI) 



Step 68 



25 



30 




(l-5a) 



CHO 



(XXVI la) 



40 




(l-5b) 

45 

(In the formulae, R 1 , X 1 -X^X 3 , Y and W have the same meanings as defined above.) 
(Step 67) 

so Compound (XXVI) can be obtained by reacting Compound (XX) with an equivalent to a large excess of 

acrylonitrile in the presence of a catalytic amount of Triton B in an inert solvent such as benzene or toluene at 
a temperature of room temperature to the boiling point of the solvent used for 0.5 to 24 hours [Yakugaku Zasshi, 
76, 640(1956)]. 

55 (Step 68) 

Compound (XXVIIa) can be obtained from Compound (XXVI) according to the method of Step 48. 
Subsequently, Compound (l-5a) can be obtained according to the methods of Steps 39, 3 and 4, and Com- 
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pound (l-5b) can be 
Process 6 



obtained from Compound (l-5a) according to the methods of Steps 14 and 15. 



5 Process for preparing Compound (I-6) which is Compound (I) wherein Z^Z 2 is N-(CH2)n-, m in V is 0, V is 
oriented at the para- position from the N atom in the tricyclic system, and W is 



R 2 

R 9 OOC— / )> 

(wherein R 2 , R 3 and R 9 have the same meanings as defined above). 
Compound (I-6) can be prepared by the following reaction steps. 




Step 69 



H 

(xxvim r'ooc'^^' 



A 

(CHj),, 



(XXVIII) R'OOC 

jstep 70 



H 



(xxix) *°ooc- 



(I-6) "^H^^ 

(In the formulae, R\ R 2 , R 3 , R 9 , R 12 R 13 X'-X^X 3 and Y have the same meanings as defined above.) 
(Step 69) 

Compound (XXVIII) can be obtained from Compound (XXI) according to the method of Step 45 using a 
compound represented by the formula 
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R 9 OOC^^^ 



(wherein R 2 , R 3 and R 9 have the same meanings as defined above), which can be obtained according to the 
method described in Japanese Published Unexamined Patent Application No. 9373/92, in place of the com- 
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pound represented by the formula H-W. 
(Step 70) 

5 Compound (XXIX) can be obtained by subjecting Compound (XXVIII) to reaction in the presence of a tran- 

sition metal catalyst used for catalytic hydroge nation (e.g. palladium carbon and platinum) in a hydrogen at- 
mosphere of atmospheric pressure to 100 atm. in an inert solvent (e.g. ethanoJ, dioxane and acetic acid) at a 
temperature of 0 to 250°C for 0.1 to 48 hours, or by heating Compound (XXVIII) under reflux in the presence 
of excess iron, tin, zinc, or the like in an inert solvent (e.g. hydrochloric acid and acetic acid) for 0.1 to 24 hours. 

10 In cases where the reaction ceases after reduction and does not proceed to cyciization in the catalytic hy- 

drogenation in a solvent such as ethanol or dioxane, the obtained intermediate is heated under reflux after 
addition of a small amount of an acid (e.g. hydrochloric acid and acetic acid), whereby the desired compound 
is obtained. 

Subsequently, Compound (t-6)'can be obtained according to the synthetic methods described above. 
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Process 7 

Process for preparing Compound (I-7) which is Compound (I) wherein W is 

— N^R* 

(wherein R 5 , R« and R 7 have the same meanings as defined above). 
Compound (I-7) can be prepared by the following reaction steps. 



XU 



Z* Z* 

/vVN ry ste P 71 , /V^S n< R6 
(XXXa) (xxxb) H 



Step 72 




(In the formulae, Z 3 -Z 4 represents Z 1 -Z*-A or its precursor; and R\ R 5 , R 6 , R 7 , A, X'-X^X 3 , Y and Z'-Z 2 
55 have the same meanings as defined above.) 
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(Step 71) 

Compound (XXXb) can be obtained by reacting Compound (XXXa) with a compound represented by the 
formula H 2 NR 6 R 7 (wherein R 6 and R 7 have the same meanings as defined above) in the presence of molecular 
5 sieves, and if necessary, in the presence of an acid such as p-toluenesutfonic acid in an inert solvent (e.g. 
THF and alcohol) at a temperature of room temperature to the boiling point of the solvent used for one hour 
to one week, and then treating the reaction mixture with an equivalent to a large excess of a reducing reagent 
such as sodium cyanoboro hydride in the presence of an alcohol (e.g. methanol and ethanol) at a temperature 
of 0°C to room temperature for one hour to 3 days. 

10 

(Step 72) 

Compound (XXXc) can be obtained by reacting Compound (XXXb) with an acid halide (e.g. acetyl chloride 
and propionyl chloride) or an acid anhydride (e.g. acetic anhydride and propionic anhydride) in the presence 
15 of a base (e.g. pyridine, triethylamine and sodium hydride) in an inert solvent (e.g. dichloromethane, DMF, THF 
and toluene), or using the base per se as a solvent, at a temperature of 0°C to the boiling point of the solvent 
used for 0.1 to 24 hours. 

Subsequently, Compound (I-7) can be obtained according to the synthetic methods described above. 
20 Process 8 

Process for preparing Compound (I-8) which is Compound (I) wherein W is 



25 




R 8 COOH 



30 

(wherein R 8 and Q have the same meanings as defined above) 
Compound (I-8) can be prepared by the following reaction steps. 
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50 




(I-8) 

(In the formulae, R\ R 8 , R» R™, R 13 , Q, A, X 1 -X*-X 3 , Y, Z 1 -Z* and Z 3 -Z 4 have the same meanings as defined 
above.) 
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(Step 73) 



Compound (I-9) can be obtained from Compound (XXXIa) according to the method of Step 45 using a com- 
pound represented by the formula 




HN 

R 8 COOR 9 



(wherein R 8 , R 9 and Q have the same meanings as defined above) [J. Med. Chem., 35, 3714(1992)] in place 
of the compound represented by the formula H-W. 
is Subsequently, Compound (I-8) can be obtained according to the synthetic methods described above. 

Alternatively, Compound (I-8) can be prepared by the following reaction steps. 



20 



25 



30 



40 



VA Y AA CHO 

(XXXIc) 



Step 74 




(XXXId) 



Step 75 




z 4 
i 



X 2' Z£ 21 J_R. 

VA ^k^k/ N COH 
35 T R 8 O 



X 2 , 




Y 

(I-8) 

(In the formulae, R 1 , R 8 R 9 , Q, A, X 1 -X2-X 8 Y, Z 1 -Z* and Z 3 -Z 4 have the same meanings as defined above.) 




(Step 74) 



Compound (XXXId) can be obtained from Compound (XXXIc) according to the method of Step 71 using 
a compound represented by the formula H 2 NR 8 (wherein R 8 has the same meaning as defined above) in place 
45 of the compound represented by the formula H 2 NR e R 7 . 

(Step 75) 

Compound (I-9) can be obtained by reacting Compound (XXXId) with a compound represented by the for- 
so mula 



a COOR 9 

- 0, 



(wherein R 8 and Q have the same meanings as defined above) in the presence of a base (e.g. pyridine, trie- 
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thylamine and sodium hydride) in an inert solvent (e.g. dichloromethane, DMF, THF and toluene), or using the 
base per se as a solvent, at a temperature of 0°C to the boiling point of the solvent used for 0.1 to 24 hours. 

Subsequently, Compound (I-8) can be obtained according to the synthetic methods described above. 

In the above processes for producing Compounds (I), the order of the reaction steps may be varied. 
5 In the case where a salt of Compound (I) is desired and it is produced in the form of the desired salt it 

can be subjected to purification as such. In the case where Compound (I) is produced in the free state and its 
salt is desired, Compound (I) is treated with an acid or a base in an appropriate solvent followed by isolation 
and purification. 

The intermediates and the desired products in the processes described above can be isolated and purified 
10 by purification means conventionally used in organic synthetic chemistry, for example, filtration, extraction, 
washing, drying, concentration, re crystallization and various kinds of chromatography: The intermediates can 
be subjected to the subsequent reaction without particular purification. 

There may be stereoisomers such as geometrical isomers and optical isomers for Compounds (I) and the 
present invention covers all possible isomers including the above-mentioned ones. 
is Compounds (I) and pharmaceutical^ acceptable salts thereof may be in the form of adducts with water 

or various solvents, which are also within the scope of the present invention. 

Representative examples of Compounds (I) obtained by the present invention are shown in Table 1. 



35 



• • • • • 



EP 0 549 352 A2 



Table 1 
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.COOH 




Compound 1 



-COOH 




N >-CH 3 



H 3 C 

Compound 3 




Compound 5 



„COOH 




H 3 C 

Compound 7 



H 3 C 

Compound 2 



•0- 



H 3 C 

Compound 4 




Compound 6 




OH 

Compound 8 A 
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-COOH 



H 3 C 

Compound 16 




Compound 17 
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CH 3 

Compound 18 



^Tet 



Tet 




X. 



N N 

*t>-CH 3 




H 3 C 

Compound 20 




N^-CH 3 
H 3 C 

Compound 19 



VTet-Tr 




N >-CH 3 



H 3 C 

Compound 21 
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„COOH 



H 3 C 

Compound 22 




H 3 c 

Compound 23 
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JTet-Tr 



N >-CH 3 



H 3 C 

Compound 24 



^Tet-Tr 




H 3 C 

Compound 26 




Compound 28 



H 3 C 

Compound 30 




N >-CH3 



H 3 C 

Compound 25 



^Tet-Tr 




H 3 C 

Compound 27 




H 3 C 

Compound 29 
Tet-Tr 




N ,)-CH 3 



Compound 31 
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COOH 
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H 3 C 

Compound 32 



•0" 



H 3 C 

Compound 33 



-N N 

M-ch 3 

H 3 C 

Compound 34 



r 




N N 




H 3 C CH 3 



Compound 36 



HOOC 





N >— CH, 



Compound 38 




1 />-CH 3 



H 3 C 

Compound 35 



Cry>-X 



H 3 C 

Compound 37 



^Tet 




HOOC 



Compound 39 
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10 



15 



20 




ON 




N COOEt 



Compound 40 Compound 41 

r^Tet 





H 3 C 

25 Compound 42 Compound 43 



30 



0- c 



Compound 44 



Tet represents tetrazolyl and Tr represents trityl. 



The pharmacological activities of representative Compounds (I) are shown below by experimental exam- 
45 pies. 

Experimental Example 1 

Receptor binding test using bovine adrenal cortex 

50 

Tissue of bovine adrenal cortex was finely cut and suspended in a 0.25M sucrose solution containing NaH- 
C0 3 , ethyl enediaminetetraacetic acid (EDTA), leupepsin, pepstatin A and phenylmethanesulfonyi fluoride, fol- 
lowed by homogenization. The homogenate was centrifuged at 3,000 rpm for 10 minutes and the supernatant 
was centrifuged at 9,000 rpm. Then, the supernatant was further centrifuged at 30,000 rpm for 60 minutes and 
55 the precipitate was suspended in NaHC0 3 -EDTA solution, followed by centrifugation at 30,000 rpm for 60 min- 
utes. The resulting precipitate was suspended in a phosphate buffer and the suspension was used for the bind- 
ing test as an All receptor source. 

To a test compound or a solvent were added 250 yd of the All receptor solution prepared above, 250 uJ of 
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Tris 50 mM buffer containing 0.2% bovine serum albumin (BSA), and 20 uJ of [ 125 IJAII (2.5 x 10- 10 M). The mixture 
was allowed to stand at room temperature for 2 hours and then filtered through a glass fiber filter (GF/B Watt- 
man). The filter was placed in a test tube and the radioactivity was measured using a gamma-counter. 

The inhibitory activity (inhibition rate) of the test compound (0.1 uM) against the receptor binding of P^IJAII 
5 was calculated by the following equation. 



10 

Inhibition Rate <%) 



15 

The binding amount in the presence of a test compound is the amount of radioactivity of [ 125 l JAM bound in 
the presence of a test compound (0.1 uM). 

The total binding amount is the amount of radioactivity of p 25 IJAII bound in the absence of a test compound. 
20 The nonspecific binding amount is the amount of radioactivity of [ 125 I]AII bound in the presence of 1 uM 

All. 

The results are shown in Table 2. 



( Binding Amount in > 




f Nonspecific^ 


the Presence of a 




Binding 


V^Test Compound > 




^Amount ) 



( Total Binding 
^Amount 



Nonspecific 
Binding Amount , 



x 100 
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Table 2 



5 



10 



15 



20 



30 



35 



40 



Compound Number 


Inhibition Rate (%) 


1* 


43 


3* 


78 


4* 


77 


6-E 


87 


6-Z* 


66 


7* 


52 


11 


84 


12 


72 


16 


91 


1&-Z 


81 


19* 


14 


20A* 


70 


20B* 


88 


22- E* 


80 


23 


61 


25* 


94 


28* 


83 


29* 


92 


32 


86 


33* 


88 


34* 


97 


38* 


68 


40* 


95 


42* 


85 



In the column of Compound Number in the table, E means the E form, Z means the Z form, A and B mean 
that they are geometrical isomers with respect to the stereochemistry of the double bond, and * means an 
adduct with a salt and/or a solvent These symbols have the same meanings in the following description. 

Experimental Example 2 

Inhibition test against hypertensive response to All 

Male Wistar rats were anesthetized with pentobarbital. A cannula for blood pressure measurement was 
inserted from the right femoral artery into the abdominal aorta and another cannula for All injection was in- 
serted into the right femoral vein. The cannulae were passed under skin and fixed after coming out of the back, 
and the blood pressure was recorded on a polygraph from the artery cannula using a voltage transformer. 

On the day after operation, 0.3 ug/kg All was intravenously injected into each animal and the change in 
the average artery blood pressure was examined as the control pressor response. Then, a test compound (1 
mg/kg) was orally administered and after one hour, 0.3 ug/kg All was injected again, followed by examination 
of the pressor response. The inhibitory effect of the test compound against the control pressor response was 
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determined as the inhibition rate. Compound 32 exhibited the inhibition rate of 45%. 

Though Compounds (I) and pharmaceutical acceptable salts thereof may be administered as they are, 
it is usually desirable to provide them in the form of various pharmaceutical preparations. Such pharmaceutical 
preparations can be used for both human beings and animals. 

5 The pharmaceutical preparations in accordance with the present invention may contain Compound (I) or 

a pharmaceutical I y acceptable salt thereof, as an active ingredient, either solely or as a mixture with other 
therapeutically effective components. The pharmaceutical preparations may be prepared by any means which 
are well known in the technical field of pharmaceutics after mixing the active ingredient with one or more phar- 
maceutical^ acceptable carriers. - 

10 It is desired to use the administration route which is the most effective in therapy such as oral route or 

parenteral route (e.g. intrarectal, intrabuccal, subcutaneous, intramuscular and intravenous administrations). 

Examples of dosage forms are capsules,- tablets, granules, syrups, emulsions, suppositories and injec- 
tions. 

Liquid preparations suitable for oral administration such as emulsions and syrups can be prepared using 
15 water, sugars (e.g. sucrose, sorbitol and fructose), glycols (e.g. polyethyleneglycol and propyteneglycol), oils 
(e.g. sesame oil, olive oil and soybean oil), preservatives (e.g. p-hydroxybenzoates), flavors (e.g. strawberry 
flavor and peppermint), and the like. Capsules, tablets, powders, granules, etc. can be prepared using exch 
pients (e.g. lactose, glucose, sucrose and mannitol), disintegrators (e.g. starch and sodium alginate), lubricants 
(e.g. magnesium stearate and talc), binders (e.g. polyvinyl alcohol, hydroxy propylceltu lose and gelatin), sur- 
20 factants (e.g. fatty acid esters), plasticizers (e.g. glycerin), and the like. 

Preparations suitable for parenteral administration comprise sterilized aqueous preparations of the active 
compound which are preferably isotonic to the blood of the patient. For example, a solution for injection is pre- 
pared using a carrier such as a salt solution, a glucose solution or a mixture of a salt solution and a glucose 
solution. Preparations for intrarectal administration are prepared using a carrier such as cacao fat, hydrogen- 
25 ated fat or a hydrogenated carboxylic acid and are provided as suppositories. 

These parenteral preparations may also contain one or more auxiliary components selected from the 
above-mentioned diluents, flavors, preservatives, excipients, disintegrators, lubricants, binders, surfactants 
and plasticizers. 

The effective dose and the administration schedule of Compounds (I) or pharmaceutical^ acceptable salts 
30 thereof may vary depending upon the administration route, age and body weight of a patient and the type or 
degree of the disease to be treated, but usually, in the case of oral administration, the effective compound is 
administered in a dose of 0.01 mg to 1 g/person/day at one time or in several parts. In the case of parenteral 
administration such as intravenous injection, the effective compound is administered in a dose of 0.001 mg to 
100 mg/person/day at one time or in several parts. It should, however, be noted that the dose may vary de- 
35 pending upon various conditions as given above. 

Certain embodiments of the invention are illustrated in the following examples. 

Example 1 

40 [3-(4-Methyl-2-propylbenzimidazol-1-yl)methyl-6,11-dihydrodibenz[b,e]oxepin-11-yliden]acetic acid (Com- 
pound 1) 

(Step A) 

45 Ethyl (3-carboxy-6,11-dihydrodibenz[b,e]oxepin-11-yliden)-acetate (Compound 1-a) 

A solution of LDA in THF was prepared by adding 11.9 ml of diisopropyl amine and 49 ml of n-butyl lithium 
(1 .65M hexane solution) to 300 ml of THF. To this solution was added 14 ml of ethyl (trimethylsilyl) acetate at 
-78°C and the mixture was stirred for one hour. Under the same conditions, 300 ml of a solution of 6.5 g of 11- 
oxo-6,11-dihydrodibenz[b,e]oxepin-3-carboxylic acid in THF was added dropwise thereto. Then, the mixture 

so was gradually brought to room temperature and was stirred for 3 hours, followed by addition of ice chips. After 
being adjusted to pH 5 with 4N aqueous hydrochloric acid, the mixture was extracted with ethyl acetate, and 
the organic layer was washed with a saturated aqueous solution of sodium chloride and dried over anhydrous 
magnesium sulfate. The solvent was distilled off under reduced pressure, and the residue was purified by silica 
gel column chromatography [eluent: chloroform/methanol (20/1)] to give 7.63 g (92%) of the product as a col- 

55 orless oily substance. 

NMR (CDCI 3 ; 5, ppm): 1.13(t, J=7.0Hz, 2.1H; E form), 1.18(t, J=7.0Hz. 0.9H; Z form), 4.10(q, J=7.0Hz, 
1.4H; E form), 4.17(q, J=7.0Hz, 0.6H; Z form), 5.26(bs, 2H), 6.10(s, 0.3H; Zform), 6.39(s, 0.7H; Eform), 7.1- 
7.7(m, 7H) 
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(Step B) 

Ethyl (3-hydroxymethyl-6J1^ihydrodibenz(b,e]oxepir>-11-yIiden)acetate (Compound 1-b) 

Sodium borohydride (2.22 g) was dissolved in 300 ml of THF, and 7.45 g of iodine was added to the solution 

5 under ice cooling. Then, 300 ml of a solution of 7.63 g of Compound 1-a in THF was added under the same 
conditions and the mixture was stirred at room temperature overnight, followed by addition of ice chips. The 
mixture was then diluted with ethyl acetate, and the organic layer was washed with a saturated aqueous sol- 
ution of sodium chloride and dried over anhydrous magnesium sulfate. The solvent was distilled off under re- 
duced pressure, and the residue was purified by silica gel column chromatography [eluent: chloroform] to give 

10 6.58 g (90.2%) of the product as a colorless oily substance. 

NMR (CDd 3 ; 8, ppm): 1.22ft J=7.1Hz, 3H). 4.05(q. J=7.1Hz, 2H), 4.54(s, 2H), 5.17(bs. 2H), 6.00(s, 
0.3H; Z form), 6.32(s, 0.7H; E form), 6.65-6.95(m, 2H), 7.1-7 .45(m, 5H) 

(Step C) 

15 

Ethyl (3-chloromethyl-6,11-dihydrodibenz[b,e]oxepin-11-yliden)acetate (Compound 1-c) 

Compound 1-b (6.58 g) was dissolved in 200 ml of dichloromethane, and 6.2 ml of thionyl chloride and 
6.9 ml of pyridine were added to the solution. The mixture was stirred at room temperature for 3 hours and 
then concentrated under reduced pressure. The obtained product was unstable and immediately subjected to 
20 the subsequent reaction without purification. 

NMR (CDCI3; 8, ppm): 1.12ft J=7.0Hz, 3H), 4.01 (q, J=7.0Hz, 2H), 4.41 (s, 2H), 5.15(bs, 2H), 5.95(s, 
0.3H; Zform), 6.26(s, 0.7H; Eform), 6.7-7.0(m, 2H), 7.1-7.4(m, 5H) 

(Step D) 

25 

Ethyl [3-(4-methyt-2-propyl-berizimidazol-1-yl)meth (Com- 
pound 1-d) 

4-Methyl-2-propyl-benzimidazole (464 mg) was dissolved in a mixture of 50 ml of DM F and 80 ml of toluene, 
and 106.4 mg of sodium hydride (60% oily) was added to the solution under ice cooling, followed by stirring 

30 for 30 minutes. To the mixture was added 732 mg of Compound 1-c, and the mixture was heated under reflux 
for 3 hours. After the solvent was distilled off under reduced pressure, the residue was diluted with ethyl acet- 
ate. The organic layer was washed with a saturated aqueous solution of sodium chloride and dried over anhy- 
drous magnesium sulfate. The solvent was distilled off under reduced pressure, and the residue was purified 
by silica gel column chromatography [eluent: hexane/ethyl acetate/triet hy la mine (20/5/1 )] to give 629 mg (61 %) 

35 of the product 

NMR (CDCI 3 ; 8, ppm): 0.99(t, J=7.4Hz, 3H), 1.12ft J=7.1Hz, 2.1H; E form), 1.18ft J=7.1Hz, 0.9H; Z 
form), 1.37-1.86(m, 2H) t 2.67(s, 3H), 2.81(t, J=7.9Hz, 2H), 4.05(q. J=7.1Hz, 1.4H; E form), 4.14(q, J=7.1Hz, 
0.6H; Zform), 5.16(bs, 2H), 5.21(s, 2H), 6.00(s, 0.3H; Zform), 6.29(s, 0.7H; Eform), 6.48(s, 1H), 6.53-6.56(m, 
1H), 6.94-7.09(m, 3H), 7.16-7.37(m, 5H) 

40 

(Step E) 

Compound 1 (0.4 hydrate) 

45 A mixture of 628 mg of Compound 1 -d, 224 mg of sodium hydroxide, 30 ml of methanol and 1 0 ml of water 

was heated under reflux for 3 hours. After cooling, the mixture was diluted with water, and adjusted to pH 5 
with 4N aqueous hydrochloric acid. The resulting precipitate was separated from the mixture by filtration and 
washed with water to give 504 mg (85%) of the product. 

The product was a 5:2 mixture of geometrical isomers with respect to the stereochemistry of the double 

so bond. 

Melting point: 272°C (decomposition) 

NMR (DMSO-d e ; 8, ppm): 0.94(t, J=7.4Hz, 3H), 1.67-1.80(m, 2H), 2.51 (s, 3H), 2.76(t, J=7.4Hz, 2H), 
5.14(bs, 2H), 5.38(s, 2H), 5.96(s, 0.3H; Z form), 6.29(s, 0.7H; E form), 6.40(s, 1H), 6.55-6.62(m, 1H), 6.93- 
7.04(m, 2H), 7.14-7.44(m, 6H), 12.39(bs, 1H) 
55 IR(KBn cm- 1 ): 2964, 1704, 1611, 1456, 1421, 1183, 1031. 752 
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Elemental analysis (%) : CzeH^NfeOyO.^O 


Found : 
Calcd.: 


C 75.47. 
C 75.45, 


H 6.12, 
H 6.06, 


N6.15 
N6.08 



Example 2 

10 [3-(5,7-Dimethyl-2-etriyl-3H-imidazo[4,^^ 
trile (Compound 2) 

(Step A) 

15 (3-Ethoxycarbonyl-6,11-dihydrodibenzP),e]oxepin-11-yliden) acetonitrile (Compound 2-a) 

Diethyl (cyanomethyl)phosphonate (52 ml) was dissolved in 200 ml of THF, and 12.8 g of sodium hydride 
(60% oily) was added to the solution under ice cooling, followed by stirring for one hour. To the mixture was 
added 200 ml of a solution of 17.3 g of ethyl 11-oxo-6 f 11-dihydrodibenz[b,e]oxepine-3-carboxylate in THF, and 
the mixture was heated under reflux for 3 hours. After cooling, ice chips were added to the reaction mixture, 

20 and the mixture was then diluted with ethyl acetate. The organic layer was washed with a saturated aqueous 
solution of sodium chloride and dried over anhydrous magnesium sulfate. After the solvent was distilled off 
under reduced pressure, the residue was purified by silica get column chromatography [eluent hexane/ethyt 
acetate (2/1)] to give 11.5 g (58%) of the product as a colorless oily substance. 

NMR (CDCI 3 ; 5, ppm): 1.34(t, J=7.1Hz, 3H), 4.33(q, J=7.1Hz, 2H), 5.17(s, 2H), 5.54(s, 0.33H; Z form), 

25 5.88(s, 0.67H; E form), 7.2-7.8(m, 7H) 

(Step B) 

(3-Hydroxymethyl-6,11-dihydrodibenz[b,e]oxepin-11-yliden)acetonitrile (Compound 2-b) 
30 Compound 2-a (7.78 g) was dissolved in 500 ml of THF, and 2.75 g of lithium borohydride was added in 

small portions to the solution under ice cooling. The mixture was stirred at room temperature for 2 days, fol- 
lowed by further addition of 2.84 g of lithium borohydride. The mixture was stirred at room temperature for 4 
days, and ice chips were added thereto. The reaction mixture was diluted with ethyl acetate and then adjusted 
to pH 5.5 with 4N aqueous hydrochloric acid. The organic layer was washed with a saturated aqueous solution 
35 of sodium chloride and dried over anhydrous magnesium sulfate. The solvent was distilled off under reduced 
pressure, and the resulting crude crystals were re crystallized from isopropanol to give 4.26 g (63%) of the prod- 
uct. 

Melting point: 169.5-1 7 1°C (isopropanol) 

NMR (DMSO-d 6 ; 8, ppm): 4.47(s. 0.5H; Z form), 4.53(s, 1.5H; E form), 5.15(s, 2H), 5.59(s, 0.25H; Z 
40 form). 5.99(s, 0.75H; E form), 6.8-7.0 (m, 2H), 7.2-7.8 (m, 5H) 

(Step C) 

(3-Chloromethyl-6,11-dihydrodibenz[b,e]oxepin-11-yliden)acetonitrile (Compound 2-c) 
45 The desired compound (2.3 g, 90%) was obtained from 2.4 g of Compound 2-b according to the same pro- 

cedure as in Step C of Example 1 . 

NMR(CDCI 3 ; 5, ppm): 4.47(s, 2H), 5.13(s, 2H), 5.45(s, 0.25H; Zform), 5.80(s, 0.75H; Eform), 6.8-7.1(m, 
2H), 7.2-7.7(m. 5H) 

so (Step D) 

Compound 2 

The same procedure as in Step D of Example 1 was repeated using 2.17 g of Compound 2-c and 1.38 g 
55 of 5,7-dimethyl-2-ethyl-3H-imidazo[4,5-b]pyridine, and recrystallization from isopropanol gave 2.25 g (70%) 
of the product as a white solid. 

Melting point: 177-179.5°C 

NMR (CDCI 3 ; 5, ppm): 1.31(1, J=7.4Hz, 3H), 2.56(s, 3H), 2.62(s, 3H), 2.75(q, J=7.4Hz, 2H), 5.10(s, 2H), 
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5.37(s. 2H). 5.81 (s, 1H). 6.57(d, J=1.5Hz. 1H), 6.70 (dd, J=8. 4Hz, 1.5Hz, 1H), 6.88 (s. 1H). 7.23 (d, J=8.4Hz, 
1H). 7.35-7.48 (m, 3H), 7.52-7.57 (m, 1H) 





Elemental analysis (%): C27H24N4O 


5 


Found : 


C 76.82, 


H 5.97, 


N 12.88 




Calcd.: 


C 77.12, 


H 5.75, 


N 13.32 



Example 3 

[3-(5,7-DimethyL2-ethy1-3H-imidazo[4^ 
acid [Compound 3 (0.5 hydrate)] 

A mixture of 88 mg of Compound 2, 2 ml of a 1N aqueous solution of sodium hydroxide and 5 ml of ethy- 
leneglycol was heated under reflux for 48 hours. After cooling, the mixture was diluted with water and washed 
with ether, and the aqueous layer was adjusted to pH 4 with 4N aqueous hydrochloric acid. The resulting pre- 
cipitate was separated from the mixture by filtration and washed with water to give 44.7 mg (49%) of the product 
as a white solid. 

The product was a 2:1 mixture of geometrical isomers with respect to the stereochemistry of the double 
bond. 

Melting point: 145-148°C 

NMR (DMSO-d 8 ; 5, ppm): 1.23(t, J=7.4Hz, 3H), 2.48(s, 3H). 2.51(s. 3H), 2.73(q. J=7.4Hz, 2H), 5.15(bs, 
2H), 5.37(s, 2H), 5.97(s, 0.33H; Z form), 6.29(s, 0.67H; E form), 6.45(s, 1H), 6.60-6.68(m, 1H), 6.93(s, 1H), 
7.14-7.45(m,5H) 

IR(KBn cm- 1 ): 2932, 2884, 1726, 1633, 1480, 1437, 1404, 1306, 1270, 1054, 765 



30 



Elemental analysis (%): C28H26N2O3O.5H2O 


Found : 
Calcd.: 


C 72.16, 
C 72.30, 


H 5.83, 
H 5.84, 


N9.32 
N9.37 



Example 4 

35 

[2-(5,7-Dimethyl-2-ethyl-3H-imidazo^ 
acetic acid (Compound 4) 

(Step A) 

40 

Ethyl (7-fluoro-2-methyl-5H-dibenzo[a,d]cyclohepten-5-yliden)acetate (Compound 4-a) 

Ethyl diethylphosphonoacetate (1 .3 ml) was dissolved in 30 ml of THF, and 0.26 g of sodium hydride (60% 

oily) was added to the solution under ice cooling, followed by stirring under the same conditions for 30 minutes. 

To the mixture was added dropwise 20 ml of a solution of 0.3 g of 7-fluoro-2-methyl-5-oxo-5H-dibenzo[a,d]cy- 
45 cloheptene in THF, and the mixture was heated under reflux for 2 hours. After cooling, water and ethyl acetate 

were added to the mixture, and the organic layer was washed with a saturated aqueous solution of sodium 

chloride and dried over anhydrous magnesium sulfate. The solvent was distilled off under reduced pressure, 

and the residue was purified by silica gel column chromatography [eluent hexane/ethyt acetate (10/1)] to give 

0.38 g (98%) of the product as a yellow oily substance. 
50 NMR (CDCI 3 ; 6, ppm): 1.1 0(t, J=7.0Hz, 3H), 2.35(s, 3H), 4.03(q, J=7.0Hz, 2H), 5.88 and 5.90(s for each, 

total 1H), 6.8-7.5(m, 8H) 

(Step B) 

55 Ethyl (2-bromomethyl-7-fluoro-5H-dibenzo[a,d]cyclohepten-5-yliden)acetate (Compound 4-b) 

Compound 4-a (0.24 g) was dissolved in 20 ml of carbon tetrachloride, and 0.14 g of NBS and catalytic 
amount of benzoyl peroxide were added to the solution, followed by heating under reflux for 4 hours. After cool- 
ing, insoluble matters were filtered off and the filtrate was diluted with dichloromethane. The dilution of the 
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f fltrate was washed with a saturated aqueous solution of sodium chloride and dried over anhydrous magnesium 
sulfate, and the solvent was distilled off under reduced pressure. The obtained product was unstable and sub- 
jected to the subsequent reaction without particular purification. 

NMR (CDCI 3 ; 8. ppm): 1.1 Oft J=7.0Hz. 3H). 4.02(q, J=7.0Hz, 2H), 4.48{s. 2H). 5.90 and 5.93(s for each, 
total 1H), 6.7-8. 1(m, 8H) 

(Step C) 

Ethyl [2-(5J-dimethyl-2-ethyl-3H-imidazo[4,5^ 
yiiden]acetate (Compound 4-c) 

The same procedure as in Step D of Example 1 was repeated using 0.34 g of Compound 4-b and 5 ,7-di- 
methyl-2-ethyi-3H-imidazo[4,5-b]pyridine to give 60 mg (14%) of the product 

NMR (CDCI 3 ; 8, ppm): 1.05 and 1.09(t for each, J=7.0Hz, total 6H) t 1.32(t, J=7.4Hz, 3H), 2.57(s, 3H), 
2.63(s, 3H) t 2.77(q. J=7.4Hz, 2H) f 3.96 and 4.03 (q for each, J=7.0Hz, total 4H). 5.46(s, 2H) t 5.85 and 5.90(s 
for each, total 1H), 6.7-7.4(m, 9H) 

(Step D) 

Compound 4 (0.8 hydrate) 

Compound 4-c (50 mg) was hydro! yzed according to the same procedure as in Step E of Example 1 to 
give 19.8 mg (42%) of the product as a white solid. 
Melting point: 144-145°C (decomposition) 
MS: 453 (M 4 ) 



Elemental analysis (%): C2aH24FN 3 O20.8H 2 O 


Found : 
Calcd.: 


C 71.62, 
C71.87, 


H 5.34, 
H 5.51, 


N9.12 
N 8.98 



Example 5 

[1 -BrorTK)-8-(5,7-d imethyl-2-et hyW 
acetonitrile (Compound 5) 

(Step A) 

(1-Bromo-8-methyl-5H-diben2o[a,d]cyclohepten-5-yl)acetonitrile (Compound 5-a) 

The same procedure as in Step A of Example 2 was repeated using 0.86 g of 1-bromo-8-methyl-5-oxo- 
5H-dibenzo[a,d]cycloheptene and 1 .4 ml of diethyl (cyanomethyl)phosphonate to give 0.64 g (69%) of the prod- 
uct as an oily substance. 

MS: 321 (M+), 323 (M* +2) 

NMR (CDd 3 ; 8, ppm): 2.38(s, 3H), 5.41(s, 1H), 6.8-7.7(m, 8H) 
(Step B) 
Compound 5 

The same procedures as in Steps B and C of Example 4 were repeated using 0.64 g of Compound 5-a to 
give 0.51 g (52%) of the product as an oily substance. 
MS: 494 (M+), 496 (M+ +2) 

NMR (CDCI 3 ; 8, ppm): 1.33(t, J=7.4Hz. 3H), 2.58(s, 3H), 2.65(s, 3H), 2.80(q, J=7.4Hz, 2H), 5.44(s, 1H), 
5.50(s, 2H), 6.8-7.7(m, 9H) 
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Example 6 

3-(5,7-Dimethy»-2-ethy1-3H-imidazo[4^^ 
[b.ejoxepine (Compound 6) 

5 

(Step A) 

3-(5,7-Dimethyl-2-ethy^3H-imidazo{4 t 5-b]pv^^ 
6,11-dihydrodibenz[b,e]oxepine (Compound 6-a) 

10 A mixture of 753 mg of Compound 2, 582 mg of sodium azide, 480 mg of ammonium chloride and 50 ml 

of DMF was stirred overnight at 110°C. Then, 1.76 g of sodium azide and 1.44 g of ammonium chloride were 
added thereto and the mixture was stirred under the same conditions for six days. After insoluble matters were 
filtered off, the filtrate was concentrated under reduced pressure, followed by addition of a 1N aqueous solution 
of sodium hydroxide and ethyl acetate. The aqueous layer was adjusted to pH 5 with 4N aqueous hydrochloric 

15 acid, and the resulting precipitate (350 mg) was separated from the mixture by filtration. 

The obtained crude product (296 mg) was then dissolved in a mixture of 12 ml of DMF and 0.11 ml of trie- 
thylamine, and 216 mg of trityi chloride was added to the solution, followed by stirring at room temperature for 
three hours. The solvent was distilled off under reduced pressure and the residue was diluted with ethyl acet- 
ate. The organic layer was washed with a saturated aqueous solution of sodium chloride and dried over anhy- 

20 drous magnesium sulfate. After the solvent was distilled off under reduced pressure, the resulting residue was 
purified by repeating preparative thin layer chromatography [eluent hexane/ethyl acetate/triethylamine 
(10/10/1)] to give 236 mg (52%) of the E form (6-a-E) and 51.7 mg (12%) of the Z form (6-a-Z) as oily sub- 
stances. 
6-a-E: 

25 NMR (CDCI 3 ; 8, ppm): 1.32(t, J=7.6Hz, 3H), 2.56(s, 3H), 2.63(s, 3H), 2.77(q, J=7.6Hz, 2H), 4.7- 

5.7(br, 2H), 5.37(s, 2H), 6.51 (s, 1H), 6.69(d, J=6.6Hz. 1H), 6.88-7 .42(m, 22H) 
6-a-Z: 

NMR (CDCI 3 ; 5, ppm): 1.24(t, J=7.4Hz, 3H), 2.56(s, 3H), 2.64(s, 3H), 2.67(q, J=7.4Hz, 2H), 
5.20(bs, 2H) P 5.30(s, 2H), 6.30(dd, J=7.9Hz, 1.5Hz, 1H), 6.49(d, J=1.5Hz, 1H), 6.73(s, 1H), 6.88(s, 1H), 6.90- 
30 7.08(m, 7H), 7.23-7.43(m, 1 3H) 

(Step B) 

Compound 6-E 

35 

A mixture of 337 mg of Compound 6-a-E, 4 ml of 4N aqueous hydrochloric acid, 25 ml of dioxane and 25 
ml of water was stirred at 50-60°C for 10 minutes. The solvent was distilled off under reduced pressure and 
the residue was diluted with a 1N aqueous solution of sodium hydroxide. The aqueous layer was washed with 
ethyl acetate and then adjusted to pH 5.2 with 4N aqueous hydrochloric acid. The resulting precipitate was 
40 separated from the mixture by filtration, washed with water and dried to give 140 mg (63%) of the product as 
a white solid. 

Melting point: 224°C (decomposition) 

NMR (DMSO-d«; 8, ppm): 1.24(t, J=7.4Hz, 3H), 2.48(s, 3H), 2.51 (s, 3H), 2.75(q, J=7.4Hz, 2H), 5.20(bs, 
2H), 5.39(s, 2H), 6.50(s, 1 H), 6.73(d, J=7.2Hz, 1 H), 6.95(s, 1 H), 7.00(s, 1 H), 7.01 (d, J=7.2Hz, 1 H), 7.22-7.27(m, 
45 1 H), 7.34-7.39(m, 1 H), 7.47-7.50(m, 2H) 

IR(KBr, cm- 1 ): 2936, 1631, 1462, 1440, 1408, 1318, 1051. 772 





Elemental analysis (%): C27H25N7O 


50 


Found : 


C 69.63, 


H 5.22, 


N 20.92 




Calcd.: 


C 69.96, 


H5.44, 


N 21.15 



55 
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(Step C) 

Compound 6-Z (monohydrate) 

The same procedure as in the above Step B was repeated using 46 mg of Compound 6-a-Z to give 18 mg 
(59%) of the product as a white solid. 

Melting point: 222°C (decomposition) 

NMR (DMSO-d 6 ; 8, ppm): 1.24(t, J=7.2Hz, 3H), 2.48(s, 3H), 2.51 (s, 3H). 2.75(q, J=7.2Hz. 2H), 5.20(bs, 
2H) f 5.39(s, 2H), 6.49(s. 1H), 6.73(d f J=7.3Hz, 1H), 6.94(s, 1H), 6.99(s, 1H), 7.02(d f J=11.9Hz, 1H). 7.24- 
7.49(m. 4H) 

IR(KBr f cm-1): 2944, 1460, 1438, 1404, 1321, 1050, 771 



Elemental analysis (%): C^M^NtO-K^O 


Found : 

Calcd.: 


C 67.12. 
C 67.11. 


H 5.38, 
H5.71, 


N 19.98 
N 19.99 



Example 7 

[9-Bromo-3-(5,7-dimethyL2-ethy^3H-im^ 
acetic acid [Compound 7 (0.5 hydrate)] 

The same procedure as in Example 1 was repeated using 0.81 g of 9-bromo-11-oxo-6,11-dihydrodi- 
benz[b,e]oxepin-3-carboxylic acid and 5,7-dimethyl-2-ethyl-3H-imidazo[4,5-b]pyridine, and recrystallization 
from isopropanol gave 0.1 g (10%) of the product as a white solid. 

The product was a 23:77 mixture of geometrical isomers with respect to the stereochemistry of the double 
bond. 

Melting point: 241-242°C 
Example 8 

[2-(4-Chloro-2-butyl-5-hydroxymethyl-1 H-im id azoM -y1)met hyl-6, 1 1 -d i hydrodibenz[b,e]oxepin-11-yliden]acetic 
acid (Compound 8A) and 
[2-(5-chloro-2-butyl^hydroxymethyl-1H^ 
acid (Compound 8B) 

The same procedure as in Example 1 was repeated using 11-oxo-6,11-dihydrodibenz[b,e]oxepine-2-car- 
boxylic acid and 4-chloro-2-butyl-5-hydroxymethyl imidazole to give Compound 8Aand Compound 8B. 
Compound 8A: 

Melting point: 170°C (decomposition) (acetonitrile) 
Compound 8B: 

Melting point: 106°C (decomposition) (diisopropyl ether) 

Example 9 , 

[2-(2- Butyl- 1H-imidazol-1-yl)ethyl-6,11-dihydrodibenz[b,e]oxepin-11-ylidenJacetic acid (Compound 9) 

The same procedure as in Example 1 was repeated using 11-oxo-6,11-dihydrodibenz[b,e]oxepin-2-acetic 
acid and 2-butylimidazole to give the product. 
Melting point: 156-157°C (isopropanol) 

Example 10 

l3-(2- Butyl- 1H-imidazol-1-yl)et hyl-6, 11-dihydrodibenz[b,e]oxepin-11-yliden]acetic acid (Compound 10) 

The same procedure as in Example 1 was repeated using 11-oxo-6,11-dihydrodibenz[b,e)oxepin-3-acetic 
acid and 2-butylimidazole to give the product. 
Melting point: 237-238°C (isopropanol) 
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Example 11 

[7^5J-DbT«thy^2^hy!-3H-lnrddazo(4,5-b]pyridirv3-yl)m 
acetic acid (Compound 11) 

The same procedure as in Example 1 was repeated using 1.2 g of 10-oxo-4,10-dihydrothieno[3,2-c][1]ben- 
zoxepine-7-carboxyiic acid and 5,7-dimethyi-2-ethy1-3H-imidazo[4,5-b]pyridine f and re crystallization from 
acetonitrile gave 0.1 g (5%) of the product as a white solid. 

The product was a 9:1 mixture of geometrical isomers with respect to the stereochemistry of the double 
bond. 

Melting point: 163-166°C 
Example 12 

[7-{5,7-Dimethyl-2-ethyl-3H-imida2^ 
acetic acid (Compound 12) 

(Step A) 

Compound 12 

The same procedure as in Example 4 was repeated using 7-methyl-4-oxo-4H-benzo[4,5]cyclohepta[1,2-b] 
thiophene and 5,7-dimethyl-2-ethyl-3H-imidazo[4,5-b]pyridine to give the product as an oily substance. 
MS: 441 (M+) , 

NMR (CDCI 3 ; S, ppm): 1.38(t f J=7.4Hz, 3H), 2.58(s, 3H), 2.63(s, 3H), 2.75(q, J=7.4Hz, 2H), 5.48(s, 2H), 
5.82 and 5.97 (s for each, total 1H), 6.7-7.5(m, 8H) 

(Step B) 

Sodium salt of Compound 12 

Compound 12 (0.18 g) was dissolved in 20 ml of methanol, and 0.077 ml of 28% sodium methoxide solution 
in methanol was added to the solution, followed by stirring at room temperature for 2 hours. The solvent was 
distilled off under reduced pressure and the residue was solidified with diisopropyl ether to give 0.18 g (95%) 
of the product 

The product was a 1:1 mixture of geometrical isomers with respect to the stereochemistry of the double 
bond. 

Melting point: (not measurable because of hygroscopicity) 



Elemental analysis (%) : CaeH^NaC^SNa^KkO 


Found : 
Calcd.: 


C 62.62, 
C 62.51, 


H5.34, 
H 5.25, 


N8.12 
N8.41 



Example 13 

3-(4-Methyl-2-propy1benzimidazol-1 -yl)methyl-1 1 -(N-triphenylmethyM H-tetrazol-5-yl)methytene-6,11-dihydro- 
dibenz[b,e]oxepine (Compound 13) 

The same procedures as in Example 2 and Step A of Example 6 were repeated using methyl 11-oxo-6,11- 
dihydrodibenz[b,e]oxepine-3-carboxylate and 4-met hyl-2- propyl benzimidazole to give the product as an amor- 
phous solid. 

NMR (CDCI 3 , 5, ppm): 1 .00(t, J=7.4Hz, 3H), 1 .7-1 .9(m, 2H), 2.68(s, 3H), 2.83(t, J=7.9Hz t 2H), 4.6-5.0(br, 
1H), 5.23(s, 2H), 5.3-5.7(br, 1H), 6.48(s, 1H), 6.59(d, J=8.4Hz, 1H), 6.9-7.2(m, 12H), 7.2-7.4(m, 11H), 7.41 (d, 
J=7.9Hz, 1H) 
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Example 14 

8^5,7-Dimethyl-2-ethyl-3H-imidazo[4,5-b]pyr^^ 
6,11-dihydrodibenz[b,e]oxepine (Compound 14) 
5 The same procedures as in Example 2 and Step A of Example 6 were repeated using methyl 11-oxo-6.11- 

dihydrodibenz[b t e]oxepine-8-carboxylate and 5 f 7-dimethyl-2-ethyl-3H-imidazo[4 f 5-b]pyridine to give the 
product, followed by separation and purification of bot h geometrical isomers by preparative thin layer chroma- 
tography [eluent hexane/ethyl acetate/triethyl amine (10/12.5/1)]. 
14-E 

10 NMR (CDCI 3 ; 6, ppm): 1.24(t, J=7.4Hz, 3H), 2.56(s. 3H), 2.65(8, 3H). 2.66(q, J=7.4Hz, 2H), 4.6- 

5.8(br, 2H), 5.39(s, 2H), 6.7-6.8(m f 2H), 6.9-7.0(m, 10H) f 7.0-7.1(m, 2H), 7.1-7.4(m f 9H) f 7.45(dd, J=7.9Hz, 
1.5Hz. 1H) 
14-Z 

NMR (CDCI 3 ; 8, ppm): 1.32(1, J=7.6Hz, 3H), 2.58(s. 3H), 2.65(s, 3H), 2.79(q, J=7.6Hz, 2H). 
15 5.14(bs, 2H), 5.46(s, 2H), 6.5-6.6(m, 1H). 6.83(dd, J=8.3Hz, 1.0Hz, 1H), 6.91(s, 1H), 6.9-7.0(m. 9H), 7.0-7.2(m, 
2H), 7.2-7.4(m, 9H), 7.38(d, J=7.9Hz, 1H) 

Example 15 

20 [2-(5,7-Dimethyl-2-ethyl-3H-imidazo[4,5-^^ 
den]acetonitrile (Compound 15) 

The same procedure as in Example 2 was repeated using methyl 5-oxo- 10,11 -dihyd rod ibenzo[a f d]cyd o- 
heptene-2-carboxylate and 5,7-dimethyl-2-ethyl-3H-imidazo[4,5-b]pyridine to give the product. 

The product was a 1:1 mixture of geometrical isomers with respect to the stereochemistry of the double 
25 bond. 

NMR (CDCI 3 ; 6, ppm): 1.29(t, J=7.6Hz, 1.5H), 1.32(t, J=7.6Hz. 1.5H), 2.56(s. 1.5H), 2.58(s, 1.5H), 
2.63(s, 1.5H), 2.64(s, 1.5H), 2.7-2.8(m, 2H), 3.0-3.1(br, 4H), 5.41(s, 1H), 5.45(s, 1H), 5.66(s f 0.5H), 5.68(s. 
0.5H), 6.8-6.9(m. 2H). 7.04(dd. J=7.9Hz, 2.0Hz, 0.5H), 7.12(d, J=7.4Hz, 0.5H), 7.1-7.3(m, 4H), 7.4-7.5(m. 1H) 

30 Example 16 

[2-(5,7-Dimetr^2-etriyl-3H-imidazo[4,5-b]pyridin-3-yl)methyl-5H-10,11-dihyd 
den] acetic acid (Compound 16) 

Compound 15 was hydrolyzed according to the same procedure as in Example 3, and recrystallization from 
35 acetonitrile gave 0.09 g (6%) of the product as a white solid. 

The product was a 31 :69 mixture of geometrical isomers with respect to the stereochemistry of the double 
bond. 

Melting point: 207-208°C 
40 Example 17 

3-(4-Methyl-2-propy1benzimidazol-1-yl)methy1-1 1-(1 H-tetrazo!-5-yl)methylene-6,1 1-dihydrodibenz[b,e]oxepine 
[Compound 17 (monohydrate)] 

The same procedure as in Step B of Example 6 was repeated using 1 .8 g of Compound 13 to give 0.28 g 
45 (14%) of the product (E form) as a white solid. 
Melting point: 150-153°C 

NMR (DMSO-d e ; 8, ppm): 0.95(t, J=7.4Hz, 3H), 1.68-1.79(m, 2H), 2.50(s, 3H), 2.79(t, J=7.6Hz, 2H), 
5.20(bs, 2H). 5.42(s, 2H), 6.45(s, 1 H), 6.67(d, J=8.4Hz, 1 H), 6.95-7.06(m, 4H), 7.17-7.26(m. 2H), 7.33-7.38(m, 
1H), 7.46-7.49(m,2H) 
so IR(KBr; cm-1): 2934, 1630, 1510, 1471, 1434, 1317. 1172, 1046. 758 

Elemental analysis (%) : C28H26 N 6° ' H 2° 

Found : C 70.10, H 5.77, N 17.59 
56 Calcd. : C 69.98, H 5.87, N 17.49 
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Example 18 

8-(5.7-Diniethy^2-ethyk3H-im^ 
[b,e]oxepine (Compound 18) 

The same procedure as in Step B of Example 6 was repeated using Compound 14 to give the E form (18- 
E) and the Z form (18-Z). 

18-E (0.8 hydrate): 

Melting point 162°C (decomposition) 



Elemental analysis (%): C27H25N7OO.8H2O 


. Found : 
Calcd.: 


C 67.71, 
C 67.85, 


H 5.69, 
H5.61, 


N 20.56 
N 20.51 



18-Z: 

Melting point: 155°C (decomposition) 
Example 19 

1 -Bromo-8-(5,7-dimet hyl-2-ethyl-3H-tmidazo[4,5-b]pyridin-3-yl)methyl-5-(1 H-tetrazol-5-yi)methylene-5H-diben- 
zo[a,d]cycloheptene [Compound 19 (0.5 diisopropyl ether adduct 0.5 hydrate)] 

The same procedure as in Example 6 was repeated using 510 mg of Compound 5 t and recrystallization 
from diisopropyl ether gave 14.2 mg (2.6%) of the product as a white solid. 

The product was a single geometrical isomer with respect to the stereochemistry of the double bond. 
Melting point: 159-161°C 

NMR (DMSO-d e ; 5, ppm): 1.29(t, J=7.4Hz, 3H), 2.56(s, 3H), 2.61 (s, 3H). 2.79(q, J=7.4Hz, 2H), 5.43(s, 
1H), 6.70-7.65(m, 9H) 

Elemental analysis (%) : C28 H 24 BrN 7 * 0 ♦ 5C 6 H 14° " 0 • 5H 2° 
Found : C 61.80, H 4.94, N 15.99 

Calcd.: C 62.21, H 5.39, N 16.38 

Example 20 

2-(5,7-Dimethyl-2-ethy1-3H-imidazo[4,5-b]pyridirv3-yl)methyl-5-(1H 
dibenzo[a,d]cycloheptene (Compound 20) 

The same procedure as in Example 6 was repeated using 0.61 g of Compound 15 to give two compounds 
(hereinafter referred to as Compound 20A and Compound 20B) which were geometrical isomers with respect 
to the stereochemistry of the double bond. 

Compound 20A (0.2 diethyl ether adduct-1.2 hydrate): 
Yield: 0.016 g (2.4%) 
Melting point: 167-169°C (decomposition) 

NMR (DMSO-d 6 ; 8, ppm): 1.22(t, J=7.4Hz, 3H), 2.50(s, 3H), 2.74(q. J=7.4Hz, 3H), 3.12-3.84(m. 4H), 
5.42(s, 2H), 6.72-7.29(m. 8H), 7.41 (d, J=7.4Hz, 1H) 



Elemental analysis (%): C2aH27N7 O.2C4HioO-l.2H2O 


Found : 
Calcd.: 


C 69.35, 
C 69.46, 


H 5.99, 
H 6.35, 


N 19.58 
N 19.69 



Compound 20B (0.2 diethyl ether adduct-0.5 hydrate): 
Yield: 0.05 g (7.5%) 

Melting point: 218-220°C (decomposition) 

NMR (DMSO-d 6 ; 6, ppm): 1.24(t, J=7.4Hz, 3H), 2.49(s, 3H), 2.51 (s, 3H), 2.77(q, J=7.4Hz, 2H), 3.12- 
3.84(m. 4H), 5.42(s, 2H), 6.79-7.37(m, 8H), 7.37(d, J=7.9Hz, 1H) 
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Elemental analysis (%): 






C 28 H 2 7N70.2C 4 H 1 o00.5H 2 0 




Found : 


C 71.19, 


H 5.99. 


N 20.07 


Calcd.: 


C71.26, 


H 6.23, 


N 20.20 



Example 21 

3-(5,7-Dimethyl-2-ethyt-3H-imida^ 
11-dihydrodibenzo[b,e]thiepine (Compound 21) 

(Step A) 

(3-Methoxycartonyl-6,11-dihydrodibenzo[b f e]thiepin-11-yliden)acetonitrile (Compound 21-a) 

The same procedure as in Step A of Example 2 was repeated using methyl 11-oxo-6,11-dihydrodiben- 

zo[b,e]thiepine-3-carboxylate to give the product (97%) as a pale yellow solid. 

The product was a 1:1 mixture of geometrical isomers with respect to the stereochemistry of the double 

bond. 

NMR (CDCI 3 ; 8, ppm): 3.89(s, 1.5H), 3.90(s, 1.5H), 4.0-4.2(br, 2H), 5.62(s. 0.5H), 5.89(s. 0.5H), 7.2- 
7.5(m, 4.5H), 7.62(dd, J=8.0Hz, 1.1 Hz, 0.5H), 7.7-7.9(m, 2H) 

(Step B) 

Methyl 11-(N-triphenylmethyl-1 H-tetrecd-5-yl)metriyiene-6,11-dihydrodibenzo[b.e]thiepine-3-car^ (Com- 
pound 21 -b) 

The same procedure as in Step A of Example 6 was repeated using Compound 21-a to give the product 
(47%) as an oily substance. 

The product was a 1:1 mixture of geometrical isomers with respect to the stereochemistry of the double 
bond. 

NMR (CDCI 3 ; 8. ppm): 3.40(d, J=1 4.0Hz, 0.5H; E form) 3.6-3.7(br, 0.5H; Z form), 3.88(s, 3H). 4.7-4.8(br, 
0.5H; Zform), 4.85(d, J=14.0Hz, 0.5H; E form), 6.8-7.0(m, 7H), 7.0-7.1(m, 1H), 7.1-7.6(m, 14H), 7.7-7.8(m, 
1H) 

(Step C) 

3-Hydroxymethy1-11-(N-tri phenyl met hy1-1H-tetrazol-5-yl)methylene-6 ,1 1-dihydrodibenzo[b,e]thiepine (Com- 
pound 21 -c) 

Compound 21 -b (3.8 g, 6.4 mmol) was dissolved in a mixture of 80 ml of ether and 40 ml of THF, and 250 
mg (6.6 mmol) of lithium aluminium hydride was added to the solution under ice cooling, followed by stirring 
at room temperature for one hour and a half. To the mixture was added 1 ml of a saturated aqueous solution 
of sodium sulfate and insoluble matters were filtered off. The filtrate was diluted with ethyl acetate, and the 
organic layer was washed with a saturated aqueous solution of sodium chloride and dried over anhydrous mag- 
nesium sulfate. The solvent was distilled off under reduced pressure, and the residue was purified by silica 
gel column chromatography [eluent hexane/ethyl acetate (5/1)] to give the E form (21-c-E; 40%) and the Z 
form (21-c-Z; 41%) as colorless oily substances. 

21-c-E: 

NMR(CDCI 3 ; 8, ppm): 3.38(d, J=13.9Hz, 1H)4.58(bs, 2H),4.84(d, J=13.9Hz, 1H), 6.8-7.1 (m, 7H), 
7.08(dd, J=7.9Hz, 1.6Hz, 1H), 7.1-7 .4(m, 14H), 7.46(d, J=7.9Hz, 1H) 
21-c-Z: 

NMR (CDCI 3 ; 8, ppm): 3.5-3.7(br, 1 H), 4.47(bs, 2H), 4.7-4.9(br, 1 H), 6.63(dd, J=7.9Hz, 1 .6Hz, 1 H). 
6.80(s. 1H), 6.9-7.0(m, 5H), 7.02(d, J=7.9Hz, 1H), 7.15(d, J=1.6Hz, 1H), 7.2-7.4(m, 14H) 

(Step D) 

3-Bromomethyl-11-(N-triphenylmethyl-1H-tetrazol-5-yl)methylene-6,11-dihydrodibenzo[b,e]thiepine (Eform; 
Compound 21-d-E) 
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Compound 21-c-E (1.46 g, 2.6 mmol) was dissolved in 50 rrd of dichloromethane, and 0.61 ml of 2,6-luti- 
dine, 1.37 g of triphenylphosphine, and 1.74 g of carbon tetrabromide were added to the solution under ice 
cooling, followed by stirring for one hour. To the mixture was added a phosphate buffer, and the organic layer 
was dried over anhydrous magnesium sulfate. The solvent was distilled off under reduced pressure, and the 
residue was purified by silica gel column chromatography [eluent hexane/ethyl acetate (4/1)] to give 1.51 g 
(93%) of the product as a white solid. The obtained product was subjected to the subsequent reaction without 
further purification. 

(Step E) 

3-Bromomethyl-11-(N-triphenytmethyMH-tetra^ (Z form; 

Compound 21-d-Z) 

The same procedure as in the above Step D was repeated using 1.48 g of Compound 21-c-Z to give 1.3 
g (79%) of the product as a pale yellow solid. The obtained product was subjected to the subsequent reaction 
without further purification. 

(Step F) 

Compound 21-E 

The same procedure as in Step D of Example 1 was repeated using 1.51 g of Compound 21-d-E to give 
1 .43 g (82%) of the product as an oily substance. 

NMR (CDCI 3 ; 8, ppm): 1.32(1. J=7.4Hz, 3H), 2.56(s, 3H), 2.62(s, 3H), 2.74(q, J=7.4Hz, 2H). 3.35(d, 
J=13.9Hz, 1H), 4.80(d, J=13.9Hz, 1H), 5.33(s, 2H), 6.7-7.0(m, 11H), 7.1-7.4(m, 14H) 

(Step G) 

Compound 21 -Z 

The same procedure as in Step D of Example 1 was repeated using 1.3 g of Compound 21-d-Z to give 
1.13 g (76%) of the product as an oily substance. 

NMR (CDd 3 ; 8, ppm): 1.23(t, J=7.6Hz. 3H), 2.54(s. 3H), 2.62(q, J=7.6Hz, 2H), 2.62(s, 3H), 3.4-3.6(br, 
1 H), 4.7-4.9(br, 1 H), 5.24(s, 2H), 6.43(dd f J=7.9Hz, 1 .2Hz, 1 H), 6.76(s, 1 H), 6.85(d, J=1 .2Hz, 1 H), 6.87(s, 1 H), 
6.9-7.0(m, 6H), 7.1-7.4(m, 14H) 

Example 22 

3-(5,7-Dimethyl-2-ethyl-3H-imidazo[4,5-b]pyridin-3-yl)methyH 1 -(1 H-tetrazol-5-yl)methylene-6,11-dihydrodiben- 
zo[b,e]thiepine (Compound 22) 

(Step A) 

Compound 22-E (0.6 hydrate) 

The same procedure as in Step B of Example 6 was repeated using 1 .43 g of Compound 21-E to give 0.77 
g (81%) of the product as a white solid. 

Melting point: 155°C (decomposition) 

NMR (CDCI 3 ; 8, ppm): 1.28(t, J=7.6Hz, 3H). 2.56(s, 6H), 2.74(q, J=7.6Hz, 2H), 3.40(d, J=14.0Hz. 1H), 
4.73(d, J=14.0Hz, 1H), 5.34(s, 2H), 6.8-6.9(m, 2H), 6.89(s, 1H), 6.99(s, 1H), 7.10(d, J=7.6Hz, 1H), 7.2-7 .4(m, 
4H) 



Elemental analysis (%): C27H25N7O.6H2O 


Found : 
Calcd.: 


C 66.18, 
C 66.13, 


H5.44, 
H5.38, 


N 19.66 
N 19.99 
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(Step B) 

Compound 22-Z (0.6 hydrate) 

5 The same procedure as in Step B of Example 6 was repeated using 1.13 g of Compound 21-Z to give 0.64 

g (84%) of the product as a white solid. 

Melting point 160°C (decomposition) 

NMR (CDCI 3 ; 6. ppm): 1.20ft J=7.6Hz t 3H), 2.52(s. 6H), 2.56(q, J=7.6Hz, 2H). 3.37(bd, J=13.7Hz, 1H), 
4.61(bd, J=13.7Hz, 1H) f 5.19(d, J=16.0Hz, 1H), 5.38(d, J=16.GHz, 1H), 6.77(d, J=7.9Hz, 1H), 6.79(s. 1H), 
10 6.86(s, 1H), 6.89(s, 1H), 7.02(d. J=7.9Hz, 1H), 7.1-7.2(m. 1H). 7.3-7.4(m, 3H) 





Elemental analysis (%): C27H2* 


N r 0.6H 2 O 






Found : 


C 66.27, 


H5.41, 


N 19.85 


15 


Calcd.: 


C 66.13, 


H 5.38, 


N 19.99 



Example 23 

20 [3-(5,7-Dimethyl-2-ethy1-3H-imidazo[4,5-^ 
acid (Compound 23) 

(Step A) 

25 Diethyl 2-(3-hydroxymethyl-6,11-dihydrodibenzIb,e]oxepin-11-y1)malonate (Compound 23-a) 

Titanium tetrachloride (0.2 ml) was added to a mixture of 420 mg of 3-acetoxymethyl-11-methoxy-6,11- 
dihydrodibenz[b,e]oxepine, 0.32 ml of diethyl malonate, 0.37 ml of diisopropylethylamine and 50 ml of benzene 
under ice cooling, and the mixture was stirred at room temperature for 6 hours. Methanol (5 ml) was added 
thereto, and the mixture was diluted with ethyl acetate. The organic layer was washed wit ha saturated aqueous 

30 solution of sodium chloride and dried overanhydrous magnesium sulfate, and the solvent was distilled off under 
reduced pressure. 

To the resulting product were added 20 ml of methanol and 0.5 ml of 5% potassium hydroxide solution in 
methanol, followed by stirring at room temperature for one hour. The solvent was distilled off under reduced 
pressure and the residue was diluted with ethyl acetate. The organic layer was washed with a saturated aqu- 
eous solution of sodium chloride and dried over anhydrous magnesium sulfate. The solvent was distilled off 
under reduced pressure, and the residue was purified by silica gel column chromatography [eluent: chloro- 
form/met hanol (20/1)] to give 368 mg (68%) of the product as a colorless oily substance. 

NMR (CDCI 3 ; 5, ppm): 0.90(t, J=7.3Hz, 6H), 2.80(bs, 1H), 3.90(q, J=7.3Hz, 4H), 4.52(s, 2H), 4.45- 
4.68(m, 2H), 4.95 and 5.53 (AB, J=16.6Hz, 2H), 6.75-7.26(m. 7H) 

(Step B) 

Diethyl 2-[3-(5,7-dimethyl-2-ethyl-3H-imidazo[4,5-b]pyridin-3-yl)methyl-6,11-dihydi , odibenzIb,e]oxepin-11- 
yi]malonate (Compound 23-b) 

The same procedures as in Steps C and D of Example 1 were repeated using 367 mg of Compound 23-a 
and 250 mg of 5,7-dimethyl-2-ethyl-3H-imidazo[4,5-b]pyridine to give 150 mg (31%) of the product as an oily 
substance. 

NMR (CDCI 3 ; 5, ppm): 1.00(t, J=7.5Hz, 3H), 1.22(t, J=7.3Hz, 3H), 1.25(t, J=7.3Hz. 3H), 2.55(s, 3H), 
2.59(s, 3H), 2.70(q, J=7.5Hz, 2H), 3.90(q, J=7.3Hz, 4H), 4.45-4.64(m, 2H), 5.32(s, 2H), 4.89 and 5.50(AB, 
50 J=1 6.7Hz, 2H), 6.65-7.32(m, 8H) 

(Step C) 

55 2-[3-(5,7-Dimethyl-2-ethyl-3H-imidazo[4,5-b^ 
acid (Compound 23-c) 

The same procedure as in Step E of Example 1 was repeated using 150 mg of Compound 23-b to give 70 
mg of a mixture of the desired compound and the decarboxylated compound (23) described below. 
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The mixture was subjected to the reaction of the next Step D without purification. 
(Step D) 
5 Compound 23 

The mixture (70 mg) obtained in Step C was mixed with 0.02 ml of piperidine and 5 ml of pyridine, and the 
resulting mixture was heated under reflux for 2.5 hours. The solvent was distilled off under reduced pressure 
and the residue was diluted with water, followed by addition of 4N aqueous hydrochloric acid to adjust the pH 
10 to 5.4. The resulting precipitate was separated from the mixture by filtration and recrystallized from acetonitrile 
to give 41 mg (65%) of the product as a white solid. 
Melting point: 1 99-201 °C (decomposition) 

NMR (DMSO-d 6 ; 8, ppm): 1.22(t, J=7.4Hz, 3H), 2.49(s, 3H), 2.51 (s, 3H). 2.74(q, J=7.4Hz, 2H), 2.86- 
3.04(m, 2H), 4.41(t, J=7.4Hz, 1 H), 4.98 and 5.43(AB, J=14.3Hz f 2H), 5.37(s, 2H). 6.63(s f 1 H), 6.69(d, J=7.9Hz, 
15 1H), 6.92(s. 1H), 7.12-7.25(m, 5H) 





Elemental analysis (%): 0^27^03 


20 


Found : 


C 73.37. 


H 6.18. 


N9.70 




Calcd.: 


C 73.45, 


H 6.16. 


N 9.52 



25 



30 



35 



40 



45 



50 
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Example 24 

3-(5,7-Dimethyl-2-ethyl-3H-imidazo(4,5-b]pyridin-3-yl)methyl-11-(N-tripheny 
11-dihydrodibenz|b,e]oxepine (Compound 24) 

(Step A) 

Ethyl (3-methoxycarbonyl-6,11-dihydrodibenz[b,e]oxepin-11-yl)cyanoacetate (Compound 24-a) 

Titanium tetrachloride (2.3 ml) was added to a mixture of 4.95 g of methyl 11-methoxy-6,11-dihydrodh 
benz[b,e]oxepine-3-carboxylate, 2.8 ml of ethyl cyanoacetate, 4.6 ml of diisopropylethylamine and 400 ml of 
benzene under ice cooling, and the mixture was stirred at room temperature for 2 days. Methanol (5 ml) was 
added thereto, and the mixture was diluted with ethyl acetate. The solution was washed with a saturated aqu- 
eous solution of sodium chloride and dried over anhydrous magnesium sulfate. The solvent was distilled off 
under reduced pressure, and the residue was purified by silica gel column chromatography [eluent: hexane/ 
ethyl acetate (3/1)] to give 0.72 g (11%) of the product 

NMR (CDCI 3 ; 8, ppm): 1 .02 and 1 .06(t for each, J=7.3Hz. total 3H). 3.90 (s, 3H). 3.8-4.5 (m. 4H), 5.05 
and 5.56 (ABsyst, J=15.7Hz, 2H), 6.8-7.9 (m, 7H) 

(Step B) 

Methyl 11-cyanomethyl-6,11-dihydrodibenz[b,e]oxepine-3-carboxylate (Compound 24-b) 

Compound 24-a was hydrolyzed and subjected to decarboxylation according to the same procedures as 
in Steps C and D of Example 23 to give the product (85%) as an oily substance. 

NMR (CDCI 3 ; 8, ppm): 3.18(d, J=7.9Hz, 2H), 3.90(s, 3H), 4.16(t, J=7.9Hz, 1H), 5.02 and 5.46(ABsyst, 
J=1 5.5Hz, 2H), 6.9-7.4(m, 5H), 7.65-7.85(m, 2H) 

(Step C) 

Methyl 11-(N-tri phenyl met hyl-1H-tetrazol-5-yl)methyl-6,11-dihydrodibenz[b,e]oxepine-3-carboxylate (Com- 
pound 24-c) 

The same procedure as in Step A of Example 6 was repeated using Compound 24-b to give the product 
(60%) as an oily substance. 

NMR(CDCI 3 ; 8, ppm): 3.86(s, 3H), 4.47(t, J=7.9Hz, 1H), 5.02 and 5.52(ABsyst, J=15.4Hz. 2H), 6.9-7.7 
(m, 22H) 
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(Step D) 
Compound 24 

5 The same procedures as in Steps C and D of Example 21 and Step D of Example 1 were repeated using 

Compound 24-c to give the product (85%) as an oily substance. 

NMR (CDCI 3 ; 5, ppm): 1.25(t, J=7.3Hz, 3H) f 2.57 and 2.62(s for each, total 6H), 2.65(q, J=7.3Hz. 2H), 
3.70(d. J=8.1Hz, 2H) f 4.42ft J=8.1Hz f 1H) f 4.90 and 5.50(ABsyst, J=15.2Hz, 2H), 5.35(s, 2H), 6.7-7.4(m, 23H) 

10 Example 25 

3-(5J-Dimethyl-2^thyl-3mmidazG^^ 
[b,e}oxepine (Compound 25) 

15 (Step A) 

Compound 25 (0.2 ethyl acetate adduct-0.4 hydrate) 

The same procedure as in Step B of Example 6 was repeated using 0.9 g of Compound 24 to give 0.45 g 
20 (77%) of the product as a solid. 

Melting point: 136-137°C 

NMR (CDCI 3 ; 5. ppm): 1.1 eft J=7.4Hz, 3H), 2.37 and 2.53(s for each, total 6H), 2.67(q. J=7.4Hz. 2H), 
3.64(d, J=7.9Hz, 2H), 4.38(t, J=7.9Hz, 1H), 4.69 and 5.01(ABsyst, J=1 5.3Hz, 2H), 5.23(s, 2H), 6.57(s, 1H), 
6.73-7.27(m. 7H) 



30 



Elemental analysis (%): C27H27N7O O.2C4HsO2 O.4H2O 


Found : 
Calcd.: 


C 68.18, 
C 68.09, 


H 6.06, 
H6.04, 


N 20.10 
N 19.99 



(Step B) 

Potassium salt of Compound 25 (1 .75 hydrate) 

A mixture of 34.3 mg of Compound 25, 7.8 mg of potassium tert-butoxide and 10 ml of isopropanol was 
stirred at room temperature for one hour. The solvent was distilled off under reduced pressure and the residue 
was solidified with ether to give 26.1 mg (70%) of the product as a white solid. 

Melting point: (not measurable because of hygroscopicity) 

Elemental analysis (%) : C27H26 N 70K • 1 . 75H2O 

Found : C 60.72, H 5.64, N 18.32 
Calcd.: C 60.60, H 5.56, N 18.32 

Example 26 

2-(5,7-Dimethyl-2^thyl-3H-imidaz^^ 

1 0,11 -dihydrodibenzo[a,d]cycloheptene (Compound 26) 

(Step A) 

Ethyl (2-methoxycarbonyl-5H-10,11-dihydrodibenzo[a,d]cyclohepten-5-yl)cyanoacetate (Compound 26-a) 

Methyl 5-hydroxy-5H-10,11-dihydrodibenzo[a,d]cydoheptene-2-carboxylate (6.11 g) was dissolved in 100 
ml of dichloromethane, and 5 ml of thionyl chloride was added to the solution under ice cooling, followed by 
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stirring at room temperature for 2 hours. The solvent was distilled off under reduced pressure, and the residue 
was dissolved in 50 mt of DMF (Solution A). A mixture of 3.6 rrd of ethyl cyanoacetate, 1.1 g of sodium hydride 
(60% oily) and 200 ml of DMF was stirred for one hour, and to the resulting solution was added dropwise Sol- 
ution A under ice cooling. After the mixture was stirred overnight at room temperature, the solvent was distilled 

5 off under reduced pressure and the residue was diluted with ethyl acetate. The solution was washed with a 
saturated aqueous solution of sodium chloride and dried over anhydrous magnesium sulfate. The solvent was 
distilled off under reduced pressure, and the residue was purified by silica gel column chromatography [eluent: 
toluene/ethyl acetate (20/1)] to give 5.58 g (67%) of the product as an oily substance. 
The product was a mixture of diastereomers. 

10 NMR (CDCI 3 ; 8. ppm.): 1.04(t, J=7.2Hz, 1.5H), 1.05(t, J=7.2Hz, 1.5H), 3.0-3.2(br t 2H), 3.3-3.5(br, 2H), 

3.90(s, 3H), 3.9-4.0(m, 2H), 4.31(d. J=11.1Hz, 0.5H), 4.33(d. J=11.1Hz, 0.5H), 4.61(d. J=11.1Hz. 1H). 7.1- 
7.3(m, 4H), 7.4-7.5(m, 1H), 7.7-7.9(m, 2H) 

(Step B) 

15 

Compound 26 

The same procedures as in Steps B-D of Example 24 were repeated using Compound 26- a to give the 
product (39%) as an oily substance. 
20 NMR (CDCI 3 ; 8, ppm): 1.25(t, J=7.6Hz, 3H), 2.57(s, 3H), 2.64(s, 3H), 2.71(q, J=7.6Hz, 2H), 2.9-3.1(br, 

2H), 3.2-3.4(br, 2H), 3.67(d, J=8.3Hz, 2H), 4.72(t, J=8.3Hz, 1H). 5.35(s, 2H), 6.73(d, J=7.9Hz, 1H). 6.83(s, 1 H), 
6.89(s, 1H), 6.9-7.1(m, 11H), 7.2-7.4(m, 9H) 

Example 27 

25 

2-(5,7-Dimethyl-2-cydopropyl-3H-imidaz^^ 
thyl-5H-10,11-dihydrodibenzo[a,d]cycloheptene (Compound 27) 

The same procedure as in Example 26 was repeated using 5,7-dimethyl-2-cyclopropyl-3H-imidazo[4,5- 
b] pyridine to give the product as an oily substance. 
30 NMR (CDCI 3 ; 8. ppm): 0.8-0.9(m, 2H), 1.0-1 .1(m, 2H), 1.7-1.8(m, 1H), 2.55(s, 3H), 2.58(s, 3H), 2.9- . 

3.1(br, 2H), 3.2-3.4(br. 2H), 3.67(d, J=8.3Hz, 2H), 4.72(t, J=8.3Hz, 1H), 5.45(s. 2H), 6.80(dd, J=7.9Hz f 2.0Hz, 
1H), 6.85(s, 1H), 6.9-7.1(m, 11H), 7.07(s, 1H), 7.2-7.4(m, 9H) 

Example 28 

35 

2-(5,7-Dimethyl-2-ethyl-3H-imida^o[4 l 5-b]pyridin-3-yl)methyl-5-(1H-tetrazol-5-yl 
benzo[a,d]cycloheptene (Compound 28) 

(Step A) 

40 

Compound 28 (0.5 hydrate) 

The same procedure as in Step B of Example 6 was repeated using Compound 26 to give the product (92%) 
as a solid. 

45 Melting point: 160°C (decomposition) 

NMR (CDd 3 ; 8, ppm): 1.1 7(t, J=7.6Hz, 3H), 2.46(s, 3H), 2.53(s, 3H), 2.68(q, J=7.6Hz, 2H), 2.6-2.8(br, 
2H), 2.9-3. 1 (br. 2H), 3.53(d, J=8.3Hz. 2H), 4.58(t, J=8.3Hz, 1 H), 5.31 (s, 2H), 6.65(s, 1 H), 6.68(d, J=7.9Hz, 1 H), 
6.84(d, J=7.9Hz, 1H). 6.92(s, 1H), 6.9-7. 1(m, 4H) 



50 


Elemental analysis (%): C28H29N7 O.5H2O 




Found : 


C 71.00, 


H 6.49, 


N 20.60 




Calcd.: 


C 71.16, 


H 6.40, 


N 20.75 
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(Step B) 

Potassium salt of Compound 28 (1.3 hydrate) 

5 The same procedure as in Step B of Example 25 was repeated using Compound 28 to give the product 

(90%) as a white solid. 

Melting point: (not measurable because of hygroscopicity) 





Elemental analysis (%): C^HzbNtK-I .3H 2 0 


10 


Found : 


C 64.12, 


H 5.98, 


N 18.55 




Calcd.: 


C 64.05, 


H 5.87, 


N 18.67 



Example 29 

2-(5,7-Dimethyl-2-cydopropyI-3H-imidazo[4 l 5-b]pyri^^ 
drodibenzo[a,d]cycloheptene [Compound 29 (0.4 hydrate)] 

The same procedure as in Step B of Example 6 was repeated using Compound 27 to give the product (33%) 
as a white solid. 

Melting point: 155°C (decomposition) 

NMR (CDCI 3 ; 8, ppm): 0.9-1.0(m, 2H), 1.1-1.2(m, 2H), 1.7-1.8(m, 1H), 2.44(s, 3H), 2.52(s, 3H), 2.5- 
2.7(br, 2H), 2.9-3.1(br, 2H), 3.4-3.6(br, 2H), 4.4-4.6(br, 1H), 5.42(d, J=16.0Hz, 1H), 5.45(d, J=16.0Hz, 1H), 
6.72(s, 1H), 6.78(s. 1H), 6.9-7.1 (m, 6H) 



30* 



Elemental analysis (%): C29H29N7 O.4H2O 


Found : 
Calcd.: 


C 72.07, 
C 72.14, 


H 6.48, 
H6.22, 


N 20.18 
N 20.31 



Example 30 
35 5-Cyanomethyl-2-(5 f 7-dimethyl-2-ethyW 
(Compound 30) 
(Method 1) 

40 

(Step 1A) 

2-(4-Methylpiperazino)methyl-5H-10,11-dihydrodibenz[b,f]azepine (Compound 30- 1a) 

5H-10,11-Dihydrodibenz[b,f]azepine (250 g) was suspended in a mixture of 600 ml of dichloroethane and 

45 600 mi of acetic acid, and 155 ml of 1 -methyl pi perazine was added dropwise to the suspension. To the mixture 
was added 42 g of paraformaldehyde at 50° C, followed by stirring for 6 hours. The solvent was distilled off 
under reduced pressure and the residue was diluted with ethyl acetate. The solution was washed with a satu- 
rated aqueous solution of sodium chloride and dried over anhydrous magnesium sulfate, and the solvent was 
distilled off under reduced pressure to give the product (91%). The obtained product was subjected to the sub- 

50 sequent reaction without particular purification. 

(Step 1B) 

5-Formyl-2-(4-methylpiperazino)methyl-5H-10,11-dihydrodibenz[b,f]azepine (Compound 30-1 b) 
55 Formic acid (99%; 300 ml) was added dropwise to 600 ml of acetic anhydride, the internal temperature 

being maintained at 45°C, followed by stirring for one hour. To this solution was added, in small portions, a 
suspension of 375 g of Compound 30-1 a in 500 ml of dichloroethane under ice cooling, followed by stirring at 
room temperature for 8 hours. After cooling, 400 ml of methanol was added, and the solvent was distilled off 
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under reduced pressure. The residue was diluted with water, and adjusted to pH 9-10 with a 10N aqueous sol- 
ution of sodium hydroxide. The organic layer was extracted with ethyl acetate, and the extract was washed 
with a saturated aqueous solution of sodium chloride and dried over anhydrous magnesium sulfate. The solvent 
was distilled off under reduced pressure, and the residue was purified by silica gel column chromatography 
5 [eluent ethyl acetate/met hanol/triethylamine (300/20/1)] to give 106.8 g (23%) of the product as an oily sub- 
stance. 

NMR (CDd 3 ; 8, ppm): Z27(s, 3H), Z45(brs, 8H), Z7-3.5(m, 4H) t 3.45(s, 2H), 6.8-7.4^, 7H), 8.55 (s, 1H) 
(Step 1C) 

10 

^Formyf-2-(5J-dimethyl-2-ethy^3H-imi 
(Compound 30-1 c) 

Compound 30-1 b (50 g) was dissolved in 500 ml of dichloromethane, and 21.5 ml of ethyl chloroformate 
was added dropwise to the solution under ice cooling, followed by stirring at room temperature for one hour 

15 and a half. The mixture was washed with a saturated aqueous solution of sodium chloride and dried over an- 
hydrous magnesium sulfate, and the solvent was distilled off under reduced pressure. The residue was dis- 
solved in 100 ml of DMF, and this solution was added dropwise to a mixture of 26.1 g of 5,7-dimethy1-2-ethy1- 
3H-imidazo[4,5-b] pyridine, 16.7 g of potassium tert-butoxide and 80 ml of DMF, followed by stirring at room 
temperature for 30 minutes. The solvent was distilled off under reduced pressure and the residue was diluted 

20 with dichloromethane. The solution was washed with a saturated aqueous solution of sodium chloride and dried 
over anhydrous magnesium sulfate, and the solvent was distilled off under reduced pressure to give 80 g of 
the product. The obtained product was subjected to the subsequent reaction without particular purification. 

NMR (CDCI 3 ; 8, ppm): 1.32(t, J=7.4Hz, 3H), 2.56 and 2.61 (s for each, total 6H), 2.78(q, J=7.4Hz t 2H), 
2.8-3.6(m, 4H), 5.40(s, 2H), 6.60-7.40(m, 8H), 8.50(s, 1H) 

25 

(StepID) 

2-(5,7-Dimethyl-2-ethyJ-3H-imida^ (Compound 
30-1d) 

30 The crude Compound 30-1c (80 g) was mixed with 58 ml of 28% sodium methoxide solution in methanol 

and 500 ml of ethanol, and the mixture was heated under reflux for one hour. The solvent was distilled off under 
reduced pressure and the residue was solidified with methanol to give 40.1 g (70%) of the product as a white 
solid. 

Melting point: 191-192°C (decomposition) 
35 NMR (CDCI 3 ; 8, ppm): 1 .31 (t, J=7.6Hz, 3H), 2.60 and 2.63(s for each, total 6H), 2.81 (q, J=7.6Hz, 2H), 

5.35(s, 2H), 6.06(s, 1H), 6.60-7.10(m, 8H) 

(SteplE) 

40 Compound 30 

Compound 30-1 d (55.4 g) was dissolved in 500 ml of acetic acid and the solution was cooled to 10°C. To 
this solution were added 11 g of KCN and 4.6 g of paraformaldehyde, followed by stirring at room temperature 
for 24 hours. Then, the reaction mixture was added slowly to a mixture of 900 ml of a 10N aqueous solution 

45 of sodium hydroxide, 1 I of ice and 1 1 of dichloromethane. The organic layer was washed with a 0.1 N aqueous 
solution of sodium hydroxide and then with a saturated aqueous solution of sodium chloride, and dried over 
anhydrous magnesium sulfate. The solvent was distilled off under reduced pressure, and the residue was puri- 
fied by silica gel column chromatography [eluent: hexane/ethyl acetate/triethyl amine (10/10/1)] to give 39 g 
(64%) of the product as an amorphous solid. 

so NMR (CDCI 3 ; 8. ppm): 1 .31(t, J=7.4Hz, 3H), 2.58 and 2.62(s for each, total 6H), 2.77(q, J=7.4Hz, 2H), 

3.06(s, 4H), 4.50(s, 2H), 5.36(s, 2H), 6.8-7.3(m, 7H) 

(Method 2) 

55 (Step 2A) 

5-Cyanomethyl-5H-10,11-dihydrodibenz[b,f]azepine (Compound 30-2a) 

The same procedure as in Step 1E of Example 30 was repeated using 50 g of 5H-10,11-dihydrodi- 
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benz|b.f]azepine to give 59 g (98%) of the product. 

NMR (CDCI3; 5, ppm): 3.1 3(s. 4H), 4.53(s, 2H), 6.8-7.3(m. 8H) 

(Step 2B) 

5 

5-Cyanomethyl-2-(4-methylpipeirano)-5H-10,11^ih (Compound 30-2b) 

The same procedure as in Step<1Aof Example 30 was repeated using 5.0 g of Compound 30-2a to give 
3.7 g (51%) of the product as an oily substance. 

NMR (CDd 3 ; 8, ppm): 2.27(s, 3H) f 2.44(brs, 8H), 3.12(s, 4H), 3.41(s. 2H), 4.52(s. 2H) 

10 

(Step 2C) 
Compound 30 

is The same procedure as in Step 1C of Example 30 was repeated using 3.0 g of Compound 30-2b to give 

2.34 g (64%) of the product. 

Example 31 

20 2-(5,7-Dimethyl-2-ethyl-3H-imidazo[4,5-b]pyri^ 
10 f 11-dihydrodibenz[b,f]azepine (Compound 31) 

(Method 1) 

25 A mixture of 8.65 g of Compound 30, 20 ml of tri-n-butyltin chloride, 4.8 g of sodium azide and 250 ml of 

toluene was heated under reflux at 1 00-11 0°C for 4 days. After ice cooling, 1 50 ml of water and 20 ml of a 1 0N 
aqueous solution of sodium hydroxide was added to the mixture. The aqueous layer was washed with ethyl 
acetate, and adjusted to pH 5 with 4N aqueous hydrochloric acid. The resulting precipitate was separated from 
the mixture by filtration and dried to give 7.4 g (78%) of crude Compound 32 (described below). This crude 

30 compound was subjected to N-tri phenyl met hylation according to the same procedure as in Step A of Example 
6 to give 9.07 g (81%) of the desired compound as an amorphous solid. 

NMR (CDCI 3 ; 8, ppm): 1.25(t, J=7.4Hz, 3H), 2.56 and 2.62(s for each, total 6H), 2.71(q ? J=7.4Hz, 2H), 
3.00(s t 4H) f 5.19(s, 2H), 5.32(s, 2H), 6.6-7.5(m, 22H) 

35 (Method 2) 

(Step 2A) 

2-Hydroxymethyl-5H-10,11-dihydrodibenz[b,f]azepine (Compound 31-2a) 

40 5-Benzyl-2-formyl-5H-10,11-dihydrodibenz[b,f]azepine (3.29 g) was dissolved in 200 ml of ethanol, and 

0.5 g of sodium borohydride was added to the solution, followed by stirring at room temperature for 30 minutes. 
The solvent was distilled off under reduced pressure, and the residue was diluted with dichloromethane. The 
mixture was washed with 1 N aqueous hydrochloric acid and a saturated aqueous solution of sodium chloride, 
and dried over anhydrous magnesium sulfate. After the solvent was distilled off under reduced pressure, the 

45 residue was dissolved in 300 ml of ethanol. To the solution was added 300 mg of 10% palladium carbon and 
the mixture was stirred in a stream of hydrogen for 4 days. The catalyst was filtered off, and the filtrate was 
concentrated under reduced pressure. The residue was purified by silica gel column chromatography [eluent: 
hexane/ethyl acetate (2/1)] to give 1.0 g (42%) of the product. 

NMR (CDCI 3 ; 8, ppm): 2.26(bs. 1H), 2.98(s, 4H), 4.45(s, 2H), 6.04(bs, 1H), 6.53-7.01(m, 7H) 

50 

(Step 2B) 

2-(tert-Butyldimethylsilyloxymethyl)-5H-10,11-dihydrodibenz[b,f]azepine (Compound 31-2b) 

A mixture of 1.0 g of Compound 31-2a, 1.5 g of imidazole, 1.5 g of tert-butyldimethyfsilyl chloride and 30 
55 ml of DMF was stirred overnight at room temperature, followed by addition of ice chips and further stirring. 
After the solvent was distilled off under reduced pressure, the residue was diluted with ethyl acetate, washed 
with a saturated aqueous solution of sodium bicarbonate and a saturated aqueous solution of sodium chloride, 
and then dried over anhydrous magnesium sulfate. The solvent was distilled off under reduced pressure, and 
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the residue was purified by silica gel column chromatography [eluent: hexane/et hyt acetate (10/1 )] to give 1 .34 
g (89%) of the product as a colorless oily substance. 

NMR (CDd 3 ; 6, ppm): 0.10(s. 6H), 0.92(s, 9H). 3.06(s, 4H). 4.63(s, 2H), 6.65-7.06(m, 7H) 

5 (Step 2C) 

2-(tert-Buty1dimethytsflylaxy^^ 
azepine (Compound 31 -2c) 

A mixture of 1.3 g of Compound 31 -2b, 2.0 g of 5-(chloromethyl)-N-(triphenylmethyl)tetrazoIe, 0.6 g of so- 

10 dium iodide, 0.2 g of sodium hydride (60% oily) and 50 ml of DMF was stirred at 80°C for 1 5 hours. The solvent 
was distilled off under reduced pressure, and the residue was diluted with ethyl acetate. The organic layer was 
washed with a saturated aqueous solution of sodium bicarbonate and a saturated aqueous solution of sodium 
chloride, and then dried over anhydrous magnesium sulfate. The solvent was distilled off under reduced pres- 
sure, and the residue was purified by silica gel column chromatography [eluent hexane/et hyl acetate (10/1)] 

15 to give 1.05 g of an oily substance containing the desired compound. 

The product contained impurities, but was subjected to the subsequent reaction without further purifica- 
tion. 

NMR (CDCI 3 ; 6, ppm): 0.07(s, 6H), 0.85(s, 9H), 2.99(s, 4H), 4.62(s, 2H), 5.23(s, 2H), 6.7-7.7(m, 22H) 
20 (Step 2D) 

2-Hydroxymethyl-5-(N-m"phenylmethyl^^ (Compound 
31-2d) 

The substance obtained in Step 2C was dissolved in 50 ml of THF, and 6 ml of 1M tetrabutylammonium 
25 fluoride/THF solution was added to the solution, followed by stirring at room temperature for 2 hours. The sol- 
vent was distilled off under reduced pressure and the residue was diluted with ether. The organic layer was 
washed with a saturated aqueous solution of sodium chloride and dried over anhydrous magnesium sulfate. 
The solvent was distilled off under reduced pressure, and the residue was purified by silica gel column chro- 
matography [eluent chloroform/met hanol (50/1)] to give 0.23 g (26%) of the product as a yellow oily substance. 
30 NMR (CDCI 3 ; 6. ppm): 2.05(s, 1H). 2.98(s, 4H), 4.43(s. 2H), 5.13(s. 2H), 6.75-7.19(m, 22H) IR(CHCI 3 ; 

cnr 1 ): 3400, 2924, 1702, 1598. 1491 

(Step 2E) 

35 Compound 31 

The same procedures as in Steps C and D of Example 1 were repeated using 0.21 g of Compound 31 -2d 
and 180 mg of 5,7-dimethyl-2-ethyl-3H-imidazo[4,5-b]pyridine to give 0.1 g (38%) of the product. 

40 Example 32 

2-(5,7-Dimethyl-2-ethyl-3H-imidazo[4,5-b]pyridin-3-yl)methyl-5-(1 H-tetrazol-5-yl)methyl-5H-1 0,1 1 -dihydrodi- 

benz[b,f]azepine (Compound 32) 

A mixture of 43.6 g of Compound 31, 50 ml of 4N aqueous hydrochloric acid, 200 ml of water and 300 ml 
45 of dioxane was stirred at room temperature for one hour. The solvent was distilled off under reduced pressure, 

and the residue was diluted with water and a 10N aqueous solution of sodium hydroxide to be adjusted to pH 

12. After washing with ethyl acetate, the aqueous layer was adjusted to pH 5 with 4N aqueous hydrochloric 

acid. The resulting precipitate was separated from the mixture by filtration and recrystallized from acetone to 

give 1 8.2 g (64%) of the product as a white solid. 
50 Melting point: >250°C 

NMR (DMSO-d 6 ; 5, ppm): 1.1 8(t, J=7.4Hz, 3H), 2.49(s, 6H), 2.69(q, J=7.4Hz, 2H), 3.09(s, 4H), 5.23(s, 

2H), 5.31(s, 2H), 6.78-7.20(m, 8H) 

55 
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Elemental analysis (%): C^H^Ns 


Found : 
Calcd.: 


C 70.17, 
C 69.80, 


H 6.25, 
H 6.08. 


N 23.80 
N 24.12 



Example 33 

5-Cait>oxymethy1-2-(5,7^imethy1-2^ 
azepine [Compound 33 (0.3 hydrate)] 

Compound 30 (1.0 g) was hydrolyzed according to the same procedure as in Example 3 to give 0.98 g 
(94%) of the product as a white solid. 
Melting point: 114-115°C 

NMR (DMSO-de; 6. ppm): 1.23(t, J=7.4Hz, 3H), 2.50(s, 6H), 2.76(q, J=7.4Hz, 2H), 3.05(brs, 4H), 4.40(s, 
2H), 5.32(s, 2H), 6.63-7.08(m, 8H) 



Elemental analysis (%): C^H^N^O.SHzO 


Found : 
Calcd.: 


C 72.98, 
C 72.72, 


H 6.65, 
H 6.46, 


N 12.51 
N 12.56 



Example 34 

2-(5,7-Dimethyi-2-cydopropyl-^^ 
drodibenz[b,f]azepine (Compound 34) 

(Step A) 

Compound 34 

The same procedures as in Examples 30-32 were repeated using 5,7-dimethy1-2-cydopropyl-3H-imida- 
zo[4,5-b]pyridine to give the crude product as a solid. 
Melting point: 172°C (diisopropyl ether) 

NMR (DMSO-d 6 ; 5, ppm): 1.00(t, J=7.4Hz, 3H), 1.03(brs, 4H). 2.1 1(m, 1H), 2.43 and 2.48(s for each, 
total 6H), 3.04(brs, 4H), 4.88(s, 2H), 5.39(s, 2H), 6.75-7.30(m, 8H) 

(Step B) 

Potassium salt of Compound 34 

The same procedure as in Step B of Example 25 was repeated using Compound 34 to give the product. 
Melting point: 167-169°C (ether) 



Elemental analysis (%): C^h^NeK 


Found : 
Calcd.: 


C 65.12, 
C 65.34, 


H5.51, 
H 5.29, 


N 21.62 
N 21.77 



Example 35 

2-(5,7-Dimethyl-2-ethy1-3H-imi^ 
ihydrodibenz[b,f]azepine (Compound 35) 
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(Step A) 

8-Methyl-5H-10,11-dihydrodibenz{b,f]azepine (Compound 35- a) 

Compound 35-a was obtained as a by-product in Step 2Aof Example 31. 
Melting point: 72-74°C 

NMR (CDd 3 ; 5, ppm): 2.1 5(s, 3H), 3.00(s, 4H), 5.80(brs, 1H), 6.50-7.20(m, 7H) 
(Step B) 

Compound 35 (monohydrate) 

The same procedures as in Examples 30-32 were repeated using Compound 35-a to give the product as 
a white solid. 

Melting point: 136-137°C (ether) 

NMR (DMSO-d 8 ; 6, ppm): 1.19ft J=7.4Hz, 3H), 2.15(s, 3H), 2.49(s, 6H), 2.72(q, J=7.4Hz, 2H), 3.06(s f 
4H), 5.1 8(s, 2H), 5.30(s, 2H), 6.75-7.20(m, 7H) 



Elemental analysis (%): C28H3oN 8 -H 2 0 


Found : 
Calcd.: 


C 69.63. 
C 69.48, 


H 6.58, 
H 6.37, 


N 23.18 
N 23.15 



Example 36 

2-(5,6-Dimethylbenzimidazol-1-yl)methyl-5-(1 H-tetrazol-S-yl^ethyl-SH-IO.H-dihydrodibenzIb.nazepine 
(Compound 36) 

The same procedures as in Examples 30-32 were repeated using 5,6-dimethylbenzimidazole to give the 
product as a white solid. 

Melting point: 188-189°C (acetonitrile) 



Elemental analysis (%): C26M25N7 


Found : 
Calcd.: 


C 71.93, 
C 71.70, 


H 5.97, 
H 5.79, 


N 22.23 
N 22.51 



Example 37 

2-(5,7-Dimethyl-2-ethyl-3H-^ 
dihydrodibenz(b,f]azepine (Compound 37) 

(Step A) 

5-(2-Cyanophenyl)methyl-5H-10,11-dihydrodibenz[b,f]azepine (Compound 37-a) 

Iminodibenzyl (10 g) was dissolved in THF, and 32 ml of n-butyl lithium (1.6M hexane solution) was added 
to the solution under ice cooling, followed by stirring under the same conditions for 30 minutes. To the mixture 
was added 180 ml of a solution of (2-cyanophenyl) benzyl bromide in THF, and the mixture was stirred overnight 
at room temperature. Then, the mixture was diluted with ethyl acetate, washed with a saturated aqueous sol- 
ution of sodium chloride, and dried over anhydrous magnesium sulfate. The solvent was distilled off under re- 
duced pressure, and the residue was purified by silica gel column chromatography [eluent hexane/ethyl acet- 
ate (9/1 )] to give 9.92 g (63%) of the product 

NMR (CDCI 3 ; 5, ppm): 3.24(s, 4H), 5.1 7(s. 2H), 6.7-7.7 (m, 2H) 

(Step B) 

2-Formyl-5-(2-cyanophenyl)methyl-5H-1 0,11-dihydrodibenz[b,f]azepine (Compound 37-b) 
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DMF (5 ml) was added dropwise to 5 ml of phosphorus oxychloride with cooling. To the solution was added 
dropwise 40 ml of a solution of 7. 0 g of Compound 37-a in DMF, followed by stirring at 70°C for 6 hours. The 
reaction mixture was poured onto ice, and extracted with ethyl acetate. The organic layer was washed with a 
saturated aqueous solution of sodium chloride and dried over anhydrous magnesium sulfate. The solvent was 
5 distilled off under reduced pressure, and the residue was purified by silica gel column chromatography [eluent: 
hexane/ethyl acetate (2/1)] to give 5.83 g (75%) of the product as a yellow amorphous solid. 
NMR (CDd 3 ; 5, ppm): 3.26(s f 4H), 5.24(s, 2H) f 6.9-7.7(m, 7H), 9.80(s ( 1H) 

(Step C) 

10 

2-Hydroxymethyl-5-(2-cyanophenyl)methyl-5H-10 f 11-dihydrodibenzIb,flazepine (Compound 37-c) 

The same procedure as in Step 2A of Example 31 was repeated using Compound 37- b to give the product 
(98%) as a yellow amorphous solid. 

NMR (CDd 3 ; S. PPm): 3.24(s, 4H). 4.54(brs, 2H), 5.16(s. 2H) f 6.7-7.7(m f 11H) 

15 

(Step D) 

2-(5.7-Dimethyl-2-ethyl-3H-imida^ 
[b,f]azepine (Compound 37-d) 
20 The same procedures as in Steps C and D of Example 1 were repeated using Compound 37-c to give the 

product (27%) as an oily substance. 

NMR (CDCI 3 ; 6, ppm): 1.25(t, J=7.4Hz, 3H). 2.57 and 2.61 (s for each, total 6H), 2.70(q. J=7.4Hz, 2H), 
3.15(s, 4H). 5.12(s, 2H), 5.30(s, 2H), 6.85-7.61(m, 12H) 

25 (Step E) 

Compound 37 (0.2 diisopropyl ether adduct-0.3 hydrate) 

The same procedures as in Method 1 of Example 31 and Step B of Example 6 were repeated using Com- 
30 pound 37-d, followed by solidification with diisopropyl ether to give the product (48%) as a white solid. 
Melting point: 133-135°C 

NMR (CDCI 3 ; 5, ppm): 1.11(t, J=7.4Hz, 3H), 2.54 and 2.56(s for each, total 6H), 2.73(q, J=7.4Hz, 2H), 
2.9-3.1(m, 4H), 5.29(s, 2H), 5.32(s, 2H), 6.5-7.6(m, 11H) 



35 


Elemental analysis (%): C26H25N7 O.2C6Hi4O O.3H2O 




Found : 


C 72.40, 


H6.14, 


N 19.73 




Calcd.: 


C 72.51, 


H 6.29, 


N 19.78 



40 



Example 38 

2-H2-(5, 7-Dimethyl-2-etrtyl-3H-imidazo[4,5-b]pyrid in-3-yl)methyl-5H- 1 0, 1 1 -d ihydrodibe nz[b,f]azepin-5-yl]me- 
thyl]benzoic acid [Compound 38 (0.4 diisopropyl ether adductL5 hydrate)] 

Compound 37-d was hydrolyzed according to the same procedure as in Example 3, followed by solidifi- 
cation with diisopropyl ether to give the product (50%). 
Melting point: 137°C (decomposition) 

NMR (DMSO-d e ; 5, ppm): 1.1 8(t, J=7.4Hz. 3H), 2.49(s, 6H), 2.71 (q, J=7.4Hz, 2H), 3.05(s. 4H). 5.20(s, 
2H), 5.29(s, 2H), 6.75(d. J=7.9Hz, 1H), 6.85(d, J=7.4Hz, 1H), 6.90(s, 1H), 6.97-7. 14(m, 5H), 7.22(t, J=7.4Hz. 
1H). 7.35(t, J=7.4Hz, 1H), 7.54(d, J=7.4Hz, 1H) 

IR(KBr tablet; crrr 1 ): 1598, 1477. 1221 
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Elemental analysts (%): 






C33H32N4O2O.4CeHi4O-l.5H2O 




Found : 


C 72.85, 


H 6.70. 


N 9.35 


Calcd.: 


C 72.74, 


H7.00, 


N9.58 



Example 39 

10 

2-(7-Cartx>xy^2-ethylbenzimidazoH -yl)met hyi-5-(1 H-tetrazol-5-yl)met hyl-5H-10,11-dihydrodibenz[b,f]azepine 
(Compound 39) 

(Step A) 

15 

N-[(5-Formyl-5H-10,11^ihyditxiibenz[b^ 
namide (Compound 39-a) 

The same procedure as in Step 1 C of Example 30 was repeated using N-[3-(methoxycarbonyl)nitrobenzen- 
2-yt]propionamide to give the product (22%) as a yellow amorphous solid. 
20 NMR (CDCI3; 8, ppm): 1.130, J=7.4Hz, 3H), 2.11(q, J=7.4Hz, 2H), 2.6-3.4(m, 4H), 3.44 and 3.48(s for 

each, total 3H), 4.34 and 4.98(ABsyst, J=1 2.2Hz, 2H), 6.8-8.2(m, 10H), 8.50 and 8.52(s for each, total 1H) 

(Step B) 

25 2-[2- Et hyl-7-(met hoxycarbonyl) benzimidazol- 1 -yl]met hyi-5-for myl-5H- 1 0, 1 1 -d i hydrodibenzfb,f]azepine (Com- 
pound 39-b) 

A mixture of 1.5 g of Compund 39-a, 2.9 g of tin, 3 ml of cone, aqueous hydrochloric acid and methanol 
was heated under reflux for one hour and a half. The mixture was diluted with ethyl acetate, washed with a 
saturated aqueous solution of sodium chloride, and dried over anhydrous magnesium sulfate. The solvent was 
30 distilled off under reduced pressure, and the residue was purified by silica gel column chromatography [eluent: 
hexane/ethyl acetate/triethylamine (10/10/1)] to give 0.12 g (8%) of the product as a yellow oily substance. 

NMR (CDCI3; 8, ppm): 1.25(t, J=7.1Hz, 3H), 2.6-3.7(m. 6H). 3.69(s, 3H), 4.12(q, J=7.1Hz, 2H), 5.74(s, 
2H), 6.6-8.3(m, 10H), 8.50(s, 1H) 

35 (Step C) 

Compound 39 

The same procedures as in Steps 1 D and 1 E of Example 30, Method 1 of Example 31, and Step B of Ex- 
40 ample 6 were repeated using Compound 39-b to give the product as a solid. 
Melting point: 145-146°C 

NMR (DMSO-d 6 ; 8, ppm): 1.26(t, J=7.1Hz, 3H), 2.6-3.2(m, 6H). 5.18(s, 2H), 5.57(s, 2H). 6.7-7.90 (m, 10H) 

Elemental analysis (%) : C27H25N7O2 
45 Found : C 67.77, H 5.33/ N 20.12 

Calcd.: C 67.63, H 5.25, N 20.45 

50 Example 40 

N-tt5-(1H-Tetrad-5-yl)meth^ (Compound 40) 

(Step A) 

55 

5-Cyanomethyl-2-formyl-5H-10,11-dihydrodibenzIb,f]azepine (Compound 40-a) 

The same procedure as in Step B of Example 37 was repeated using 1.0 g of Compound 30-2a to give 
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0.27 g (24%) of the product as an oily substance. 

NMR (CDCt 3 ; 5, ppm): 3.07(s, 4H) f 4.48(s, 2H). 6.8-7.7(m, 7H), 9.77(s, 1H) 

(Step B) 

5 

N-[(5-Cyanomethyl-5H-10,11^ihydrodto^ (Compound 40- b) 

A mixture of 1.0 g of Compund 40-a, 0.7 g of valine methylester hydrochloride, 0.5 g of molecular sieves 
and 15 ml of THF was stirred at room temperature for 2 days. After ice cooling, 3 ml of methanol and subse- 
quently 0.4 g of sodium cyanoboro hydride were added to the mixture. After the mixture was stirred overnight, 
10 insoluble matters were filtered off, and the filtrate was concentrated. The residue was diluted with dichloro- 
methane, washed with a saturated aqueous solution of sodium chloride, and dried over anhydrous magnesium 
sulfate. The solvent was distilled off under reduced pressure, and the residue was purified by silica gel column 
chromatography [eluent: hexane/ethyl acetate (1/1)] to give 1.2 g (82%) of the product as a yellow oily sub- 
stance. 

15 NMR (CDCI 3 ; 8, ppm): 0.92 and 0.94(d for each, J=6.8Hz, total 6H), 1 .7-2.1 (m. 1 H), 3.0(d, J=8.4Hz, 1 H), 

3.12(s, 4H), 3.50 and 3.75(ABsyst, J=12.8Hz, 2H), 3.70(s, 3H), 4.53(s, 2H), 6.8-7.3 (m, 7H) 

(Step C) 

20 N-[(5-Cyanomethyl-5H-1 0,1 1-dihydrodibenz[b,f]azepin-2-yl)methyl]-N-valeryl valine (Compound 40-c) 

Compound 40-b (1.2 g) was dissolved in a mixture of 30 ml of dichloromethane and 0.6 ml of diisopropy- 
lethylamine, and 0.4 ml of valeryl chloride was added to the solution under ice cooling, followed by stirring at 
room temperature for 5 hours. Then, ice was added thereto, and the mixture was stirred for some time. The 
mixture was diluted with dichloromethane, washed with a saturated aqueous solution of sodium bicarbonate 
25 and a saturated aqueous solution of sodium chloride, and dried over anhydrous magnesium sulfate. The solvent 
was distilled off under reduced pressure, and the residue was purified by silica gel column chromatography 
[eluent: hexane/ethyl acetate (5/1)] to give 1.4 g (96%) of the product as a yellow oily substance. 

NMR (CDCI 3 ; 8, ppm): 0.8-2.6(m, 17H), 3.11(s, 4H), 3.45(s, 3H), 4.54(brs, 2H), 5.29(s, 2H), 6.8-7.3(m. 

7H) 

30 

(Step D) 

Compound 40 (0.5 diisopropyl ether adduct-0.5 hydrate) 

35 The same procedures as in Method 1 of Example 31 and Step E of Example 1 were repeated using 1.4 g 

of Compound 40-c, followed by solidification with diisopropyl ether to give 0.38 g (25%) of the product as a 
pale yellow solid. 

Melting point: 82°C 

NMR (CDCI 3 ; 8, ppm): 0.85-1.70(m, 15H), 2.41(t, J=7.4Hz, 2H), 2.9-3.2(m, 4H), 4.24 and 4.71(ABsyst, 
40 J=16.8Hz, 2H), 5.08 and 5.15(ABsyst, J=15.1Hz, 2H), 6.85-7.15(m, 7H) 

Elemental analysis (%) : C27H34NgO3-O.5C5HjL4O-O.SH2O 

Found : C 65.77, H 7.80, N 15.09 
45 Calcd.: C 65.43, H 7.69, N 15.26 

Example 41 

50 N-[(5-Cyanomethyl-5r^10,11-dihydixxii^ 
mine (Compound 41) 

The same procedure as in Method 1c of Example 30 was repeated using Compound 30-2b and N-[3- 
(e t hoxy carbon yl)pyridin-2-y I] propyl amine to give the product 

NMR (CDCI 3 ; 8, ppm): 0.99(t, J=7.0Hz, 3H), 1.2-1. 8(m, 5H), 3.01 (t, J=7.9Hz, 2H), 3.14(s, 4H), 3.47(q, 
55 J=7.0Hz, 2H), 4.54(s, 2H), 5.20(s, 2H), 6.46(dd, J=7.9Hz, 5.1Hz, 1H), 6. 8-7.3 (m, 7H), 8.0-8.3 (m, 2H) 
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Example 42 

3-(5.7-Dimethyl-2-ethyt-3H-imidazo[4,5^ (Com- 
pound 42) 

(Step A) 

9-(2-Cyanoethyl)carbazole (Compound 42 -a) 

Carbazole (8.0 g) was suspended in 100 ml of toluene, and 4 ml of acrylonitnle and subsequently 0.5 ml 
of Triton B were added to the suspension, whereby the suspension was solidified. Then, the reaction mixture 
was allowed to stand for one hour, and methanol was added thereto, followed by filtration to give 4.41 g (42%) 
of the product as a white solid. 

NMR (CDC1 3 ; 5, ppm): 2.84ft J=7.3Hz, 2H), 4.65ft J=7.3Hz, 2H), 7.1-7.6(m, 6H), 8.10(dd, J=7.5Hz. . 
1.1Hz, 2H) 

(Step B) 

9-(2-Cyanoethyl)-3-formylcarbazole (Compound 42-b) 

The same procedure as in Step B of Example 37 was repeated using 6.3 g of Compound 42-a to give 5.08 
g (72%) of the product as an oily substance. 

NMR (CDCi 3 ; 8. ppm): 2.90ft J=6.7Hz, 2H), 4.75(t, J=6.7Hz, 2H), 7.3-8.2(m, 7H), 8.62(s, 1 H) 

(Step C) 

9-(2-Cyanoethyl)-3-(hydroxymethyl)carbazole (Compound 42-c) 

The same procedure as in Step 2Aof Example 31 was repeated using 2.8 g of Compound 42-b to give 1 .8 
g (65%) of the product as an oily substance. 

NMR (CDd 3 ; 8, ppm): 2.79(t, J=7.1Hz, 2H), 4.60(t, J=7.1Hz, 2H), 4.84(s, 2H), 7.1-7.6(m, 4H), 7.9-8.2 
(m, 2H) 

(Step D) 

9-(2-Cyanoethyl)-3-(5,7-dimethyl-2-ethyl-3H-imidazo[4,5-b]pyridin-3-yl)methylcarbazole (Compound 42-d) 

The same procedures as in Steps C and D of Example 1 were repeated using 1 .8 g of Compound 42-c to 
give 0.53 g (18%) of the product as an oily substance. 

NMR (CDCI 3 ; 8, ppm): 1 .30(t, J=7.4Hz, 3H), 2.62 and 2.64(s for each, total 6H), 2.6-3.0(m, 4H), 4.60(t, 
J=7.0Hz, 2H), 5.63(s, 2H), 6.91(s, 1H), 7.1-7.4(m, 4H), 7.8-8.1(m, 2H) 

(Step E) 

Compound 42 (0.75 hydrate) 

The same procedures as in Method 1 of Example 31 and Step B of Example 6 were repeated using 0.53 
g of Compound 42-d, followed by solidification with diisopropyl ether to give 0.16 g (48%) of the product. 
Melting point: 180-181°C 

NMR (CDCI 3 ; 8, ppm): 1.11ft J=7.4Hz, 3H), 2.50 and 2.61(s for each, total 6H), 2.67(q, J=7.4Hz, 2H), 
3.30(t. J=6.9Hz, 2H), 4.60(t,J=6.9Hz, 2H), 5.52(s, 2H), 6.88(s, 1H), 6.85-7.30(m, 5H), 7.63-7.66(m, 2H) 



Elemental analysis (%): C^H^Ns-O.ZShbO 


Found : 
Calcd.: 


C 67.25, 
C 67.29, 


H5.91, 
H 5.97, 


N 24.17 
N 24.15 



EP 0 549 352 A2 



Example 43 

N-[[9^2-(1H-Tetrazcrt-5-yl)et^ [Compound 43 (0.1 diisopropyl ether 

adduct0.6 hydrate)] 

The same procedures as in Steps B-D of Example 40 were repeated using Compound 42-b to give the 
product 

Melting point 111-112°C (diisopropyl ether) 

NMR (CDCI 3 ; 5, ppm): 0.75-1. 8(m f 15H), 2.30-2.70(m. 3H) f 3.44(t, J=7.2Hz, 2H), 4.70(t, J=7.2Hz, 2H), 
4.85 and 4.95(ABsyst, J=15.6Hz f 2H), 7.1-7.5(m, 5H). 7.93(s, 1H), 8.02(dd, J=11.6Hz, 7.7Hz, 1H) 



Elemental analysis (%): 






C26H32NeO3O.IC6HuO-O.6H2O 




Found : 


C 64.03, 


H6.94, 


N 16.79 


Calcd.: 


C 64.21, 


H7.01, 


N 16.89 



Example 44 

3-(5,7-Dimethyl-2-ethyl-3H-imidazo[4,5-bfo 
[Compound 44 (0.25 hydrate)] 

The same procedure as in Example 42 was repeated using phenothiazine to give the product 
Melting point: 121-122°C (diisopropyl ether) 

NMR (CDCI 3 ; 8, ppm): 1.31(t, J=7.4Hz, 3H), 2.59 and 2.61 (s for each, total 6H), 2.84(q, J=7.4Hz, 2H), 
3.41 (t, J=6.9Hz, 2H), 4.27(brs, 2H). 5.38(s, 2H), 6.8-7.3(m, 8H) 



Elemental analysis (%): C26H26N 8 S 0.25H 2 O 


Found : 
Calcd.: 


C 64.30, 
C 64.11, 


H 5.46, 
H 5.48, 


N 22.09 
N 23.00 



Example 45 Tablets 

Tablets each having the following composition are prepared in a conventional manner. 



Compound 6-E 


50 mg 


Lactose 


60 mg 


Potato starch 


50 mg 


Polyvinyl alcohol 


2 mg 


Magnesium stearate 


1 mg 


Tar pigment 


trace 



Example 46 Powder 

Powder having the following composition is prepared in a conventional manner. 



Compound 32 


50 mg 


Lactose 


250 mg 
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Claims 



1. Compounds of the formula (I) 




and pharmaceutical^ acceptable salts thereof where, in said formula: 
R 1 represents hydrogen, halogen or C^Ce alkyt; 

A represents cynao, carboxyl, tetrazolyl, cya no-substituted phenyl, carboxyt-substituted phenyl or 
tetrazolyl- substituted phenyl; 

V represents -CH^-, where m is 0,1 or 2; 

W represents a group of the formula a, p, y or 5 

where a is: 



R 2 

.x 



— N' X N 



Q 1 
\ 



H 



Q^-Q^R 3 
R 4 



where R 2 , R3 and R4 are each hydrogen, halogen, C r Ce alkyl, C^Cq cycloalkyl, halogenated C,-C 6 
alkyl, hydroxy, Ci-^alkoxy, amino, Ci-Cealkylamino, carboxyl orCrCealkoxycarbonyl; and Qi-Q^Q^Q 4 rep- 
resents N=CH-CH=CH, CH=CH-CH=CH or CHz-CH^CHz-CHz: 

p is: 



R 2 




wherein R 2 , R 3 and R 4 are as defined above: 

y is: 

R 6 

— N^R? 

where R 5 and R 8 each represent hydrogen, Ci-Ce alkyl or C 3 -C 6 cycloalkyl, and R 7 represents car- 
boxyl, C^Ce alkoxycarbonyt, carbamoyl or hydroxymethyl; and 

6 is: 
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COOR 9 



where R 8 and R 9 each represent hydrogen or 0,-Ce aJkyl f and Q represents N or CH; 
X 1 -X2-X3 represents the group CH=CH-CH=CH, S-CH=CH or CH=CH-S; 
10 Y represents a single bond, CH 2 , O f S, CH 2 0, OCH 2 , CH2S, SCH 2f CH 2 CH 2 or CH=CH; and 

Z^Z 2 represents the group C=CH f CH-CH 2 , CH-CH(COOH)- or N- (CH£ n - (wherein n is an integer 
of 1 to 3). 

2. Compounds and salts according to claim 1 , wherein R 1 is H; 
f5 X 1 -X*X 3 is CH=CH-CH=CH; 

m in V is 0; and 

the group VCH 2 W is at the para-position relative to the Z 1 atom in the tricyclic system. 



3. Compounds or salts according to claim 2 t wherein A is tetrazolyl. 

4. Compounds or salts according to claim 3, wherein Y is CH 2 CH 2 . 

5. Compounds or salts according to any one of the preceding claims wherein Z^Z 2 is N-CI-fe or CH-CH 2 . 

6. Compounds or salts according to claim 5, wherein W is 2-alkyl-5,7-dimethy1-3H-imidazo[4,5-b]pyridin-3- 
25 yl. 

7. Compounds or salts according to claim 6, wherein the alkyl group in W is ethyl or cyclopropyl. 

8. Compounds or salts according to claim 5, wherein W is 7-carboxy-2-ethyl-benzimidazol-1-yl or N-(1-car- 
30 boxy-2-methyl)propyl-N-valerylamino. 

9. Compounds or salts according to claim 4, wherein Z 1 -Z 2 is CH-CH 2 . 

v 1 0. Compounds or salts according to claim 9, wherein W is 5,7-dimethyl-2-ethyl-3H-imidazo[4 f 5-b]pyridin-3- 
yl. 

11. Compounds or salts according to claim 4, wherien Z 1 -Z 2 is C-CH. 

12. Compounds or salts according to claim 11, wherein W is 5,7-dimethyl-2-ethyl-3H-imidazo[4,5-b]pyridin- 
3-yl. 

13. Compounds or salts according to claim 3, wherein Y is CH 2 0. 

14. Compounds or salts according to claim 13, wherein Z^Z 2 is CH-CH 2 . 

15. Compounds or salts according to claim 14, wherein W is 5,7-dimethyl-2-ethyl-3H-imidazo[4,5-b]pyridin- 
3-yl. 

1 6. Compounds or salts according to claim 2, wherein A is carboxyl; 
Y is CH 2 CH 2 ; 
Z'-Z 2 is N-CH 2 ; 

and W is 5,7-dimethyl-2-ethyl-3H-imidazo[4,5-b]pyridin-3-yl. 

17. Pharmaceutical composition comprising a compound or salt as claimed in any one of the preceding claims 
in admixture with a pharmaceutical ly acceptable carrier. 

55 18. For use as an in vivo All receptor antagonist a compound or salt as claimed in any one of claims 1-16. 
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— N 



R 2 

A. 



N V N 

H 



s 

m 

CO 



(I) 



V-CH 2 -W 



' R1 represents hydrogen, halogen or Cj-Ce alkyl ; 

A represents cyano, carboxyi, tetrazolyl, 
cyano-substituted phenyl, carboxyl-substituted 
phenyl or tetrazolyi-su bstituted phenyl ; 

V represents -(CH^-, where m Is 0,1 or 2 ; 

W represents a group of the formula a, 0, y or 

& 

where a Is : 



Q 1 Q 4 
R 4 

where R 2l R 3 and PL are each hydrogen, halogen, 
C r Ce aikyl, C^-Ce cydoalkyl, halogenated C^-Ce aikyi, 
hydroxy, C^Cg alkoxy, amino, C-,-C 6 alkylamino, car- 
boxyi or C,-C* alkoxycarbonyl ; and Q^CrM^-Q 4 
represents N=CH-CH=CH, CH=CH-CH=CH or 
CHyOH2-CH2*"CH2 - 



Q. 
LU 



Jouve, 18, rue Saint-Denis, 75001 PARIS 



Pis: 



— N 




wherein R 2 , R 3 and R 4 are as defined above: 



where R 5 and R 8 each represent hydrogen, 
C e alkyi or C 3 -C e cycloalkyl, and R 7 represents car- 
boxyl, Ct-Ce aikoxycarbonyt, carbamoyl or hydroxy- 
methyl; and 



where R 8 and R 9 each represent hydrogen or 
Ci-Ce alkyl, and Q represents N or CH; 

X1-X2-X 3 represents the group CH=CH- 
CH=CH, S-CH=CH or CH=CH-S; 

Y represents a single bond, CH 2 , O, S, CH 2 O t 
OCH 2 , CH 2 S, SCH 2 , CH 2 CH 2 or CH=CH; and 

Z y -Z? represents the group C=CH, CH-CH 2f 
CH-CH(COOH)- or N- (CHJn- (wherein n is an integer 
of 1 to 3). 
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